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PREFACE. 


The organisms considered in agricultural bacteriology are 
specifically the most numerous, chemically the most active, and 
economically the most important known. This being true, why is 
so much interest shown in the injurious and so little in the beneficial 
bacteria? There are two chief reasons for this condition. When 
an outlaw commits some crime against human society it is heralded 
far and near and the machinery of the law is set in operation to 
apprehend the culprit and bring him to justice. So it is with these 
outlaws in bacterial society. The typhoid, or perchance some other 
disease-producing organism, attacks some individual, or it may be 
an entire community. If it be typhoid, we hear of the long-drawn- 
out fight between the human individual on the one hand and the 
invisible enemy on the other. If disease be not cheeked it spreads 
to other places, and, as in the Dark Ages, sweeps like a prairie-fire 
over a whole continent or, as recently, over the entire world. The 
second reason why we hear more of the disease-producing organisms 
than we do of the beneficial bacteria is that man has learned that 
it is a fight between him and these microbes to determine which 
shall inherit the earth. He has learned that he must protect him¬ 
self against these enemies. For these reasons man has studied the 
bacterial outlaw, his place and condition of growth. 

On the other hand, though w'e admire the magnificent structures 
and complex institutions which have been reared by the mind and 
hand of men, we see and pass on. In many cases we do not stop to 
contemplate the countless millions, living and dead, who have 
contributed their mite that things might be as they are. Man does 
not have to protect himself against these honest toilers; hence, they 
go uimoticed. The work of the benefactor lacks the sensationalism 
which is attached to that of the destroyer. So it is with the count¬ 
less billions of beneficial bacteria; they toil on day and night, 
generation after generation, accomplishing good for the human race. 
We do not miss them, for they have always helped us. They never 
become discouraged, but work for our good until conditions become 
intolerable, when they die to be in many cases replaced by the 
bacterial outlaw. 

If the following pages help to systematize, to arouse interest, to 
stimulate curiosity or inquiry in even a small degree in this intensely 
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interesting and practical subject, the author will feel that his labors 
have not been in vain. 

It is coming to be recognized that agricultural bacteriology and 
agricultural chemistry are at many points intimately associated. 
Hence, the writer has presupposed a knowledge of elementary 
chemistry on the part of the student. However, most of the more 
complex equations have been grouped in one chapter so they may 
be used or omitted as the teacher sees fit. 

It has been more a question of what to exclude than what to 
include. However, the writer has been guided throughout by the 
needs of the student of agriculture, and hence where good, complete 
volumes are available, as is the case with milk, water, sewage, and 
some other subjects, a bare outline is given; so the student should 
consult other works for a more exhaustive treatment. But in the 
case of soils an effort has been made to go more into detail. Even 
in these chapters, however, no attempt has been made to review all 
of the literature. 

In the preparation of this work I have drawn freely from all 
available sources. Much of the material was first written with a 
complete reference to the literature, but it soon became apparent 
that such a procedure would produce a work too large for the purpose 
for which this was written. Hence, all references have been elimi¬ 
nated. There are, however, listed at the end of most chapters a few 
select works given in most cases because of the references which 
they contain, and it is to these that the student is referred for 
further details. At the end of the last chapter is given a list of 
additional works which have been consulted in the preparation of 
this book. 

To my friends and colleagues my hearty thanks are offered for 
the valuable encouragement and assistance given in the preparation 
of this book. I am under particular obligation to President E. G. 
Peterson, Dr. P. S. Harris, Dr. B. L. Richards, Professors George 
Stewart, C. T. Hirst, and E. G. Carter for reading parts or all 
of the manuscript and offering many helpful suggestions, also to 
Mrs. Blanche C. Pittman for her painstaking care in the preparation 
of the manuscript for the press. 


Logan, Utah, 1922. 


J. E. G. 
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AGEICUITUEAI BACTEEIOIOGY. 


CHAPTER L 

DEVELOPMENT OF BACTERIOLOGY. 

Nowhere in the whole realm of human endeavor has research 
been crowned with more glorious achievements, at least in so far 
as the welfare of the human race is concerned, than in the field of 
bacteriology, and this in face of the fact that bacteriological research 
had a most humble and recent origin. Even the dawn of bacteri¬ 
ology dates back only to the last quarter of the seventeenth century 
to the time when a Dutch linen-draper, Anton van Leeuwenhoek, 
spent his leisure time in grinding lenses. He became so proficient 
in this that his lenses were superior to any made before. Turning 
them on various substances—raindrops, saliva, and many putrifying 
things—he found in all these living, moving forms, which prior to 
this time had been unrecognized. We can imagine his joy and 
surprise from this statement: “I saw with wonder that my 
material contained many tiny animals which moved about in a 
most amusing fashion. The largest of these A (Fig. 1) showed 
the liveliest and most active motion, moving through the water 
or saliva as a fish of prey darts through the sea; they were found 
everywhere*; although not in large numbers. A second kind was 
similar to that marked B (Fig. 1) which sometimes spun around 
in a circle like a top. These were present in larger numbers and 
sometimes described a path like that shown in C to D (Fig. 1). A 
third kind could not be distinguished so clearly; now they appeared 
oblong, now quite round. They were so very small that they did not 
seem larger than the bodies marked E, and besides they moved so 
rapidly that they were continually running into one another. They 
looked like a swarm of gnats or flies dancing about together. I had 
the impression that I was looking at several thousand in a given 
part of the water or saliva mixed with a particle from the teeth no 
larger than a grain of sand, even when only one part of the material 
was added to nine parts of water or saliva. Further, the greater 
part of the material consisted of an extraordinary number of rods, 
of widely different lengths, but of the same diameter; some were 
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curved, some straight, as is shown in F; they lay irregularly and 
were interlaced. Since I had previously seen living animalcules of 
this same kind in water, I endeavored to observe whether there was 
life in them, but in none did I see the smallest movement that might 
be taken as a sign of life.” 

This patient worker, supplied with his crude microscope, gives a 
fairly accurate description of these minute forms of life. But this 
did not awaken the world to even a faint realization of the wonderful 
invisible forms of life which were present in everything and were 
always working for good or evil. It did, however, revive a discussion 
which had waxed long and furious as to whether life can spring 
spontaneously from inanimate matter or'whether it is the descendant 
of preexisting living organisms. 



Fia. 1.—The first drawings of bacteria by Leeuwenhoek. The dotted line C-D 
indicates movement of the organism. (Morrejr.) 

Spontaneous Generation.— Back in the sixteenth century a famous 
physicist and chemist, van Helmont, stated- that mice can be 
spontaneously generated by merely placing some dirty rags in a 
receptible together with a few grains of wheat or a piece of cheese. 
The same philosopher’s method of engendering scorpions is also 
amusing. 

Scoop out a hole in a brick, put into it some sweet basil. Lay 
a second brick upon the first, so that the hole may be imperf ectly 
covered. Expose the two bricks to the sim, and at the end of a few 
days the sinell of the sweet basil, acting as a ferment, will change 
the herb into a real scorpion.” 

An Italian, Bouonami, tells of a wonderful metamorphosis which 
he had witnessed. Rotten timber, rescued from the sea, produced 
worms; these gave rise to butt^flies; and strangest of all, the butter¬ 
flies became birds. 

Everyone thought it a self-evident fact that maggots sprang 
spontaneously from decomposingj^meat or cheese, until an Italian 
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poet and physician, Redi, took the simple precaution of screening 
the mouth of jars containing meat so that flies could not enter. 

Flies were attracted by the odor and deposited their eggs on the 
gauze, and it was from these that the so-called worms’^ arose. 

The theory of the spontaneous generation of mice, scorpions, and 
maggots had been proved untenable. But how about these micro¬ 
scopic organisms? They surely could develop directly from organic 
material For now anyone provided with this new instrument, the 
microscope, could easily demonstrate for himself the spontaneous 
generation of microscopic eels in vinegar, or produce myriads of 
different and interesting living creatures in simple infusion of hay 
or other organic material. 

Needham, a Catholic priest, evolved the theory that a force called 
productive” or ''vegetative” existed which was responsible for 
the formation of organized beings. The great naturalist, Buffon, 
elaborated the theory that there were certain unchangeable parts 
common to all living creatures. After death these ultimate con¬ 
stituents were supposed to be set free and become active, imtil, with 
one another and still other particles, they gave rise to swarms of 
microscopic creatures. 

Needham in 1745 took decaying organic matter and enclosed it in 
a vessel; this he placed upon hot ashes to destroy any existing 
animalculse. On examining the contents of the flasks he found micro¬ 
organisms which he had not noted at first. Later (1769), Spallanzani 
repeated the work. He felt that Needham had not exercised suflS^- 
cient care and that the organisms had gotten in from the outside. ' % 
Accordingly he boiled the material for one hour and kept it in 
hermetically sealed flasks. He wrote: "I used hermetically sealed 
vessels. I kept/them for one hour in boiling water, and after opening 
and examining their contents after a reasonable interval, I f oimd not 
the slightest trace of animalculae, thpugh I had examined the infusion 
from nineteen different vessels.” ‘ 

But the believers in the theory of abiogenesis were not convinced, 
for they claimed that the boiling altered the character of the infusion 
so that it was unable to produce life. Voltaire, with his characteristic 
satire, took up the fight at this point and ridiculed the operations 
of the English clergy "who had engenderedithe eels in the gravy of 
boiled mutton,” and he wittily remarks: "It is strange that men 
should deny a creator and yet attribute to themselves the power of 
creating eels.” But this was a controversy to be settled not by 
ridicule but by experimental evidence. 

Spallanzani answered this by cracking one of the flasks so that 
air could en/ter. Decay soon set in. Even this was not suJBScient to 
overthrow ^ popular belief, for the claim was made that the sealing 
of the flaskfe excluded the air, and air was essential to the generation 
jof these forms of life. This objection was answered by the work of 
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many ingenious investigators. Schulze, in 1836, passed air througli 
strong acids and then into boiled infusions and failed to find any 
living organisms in the infusion, whereas Schwann passed the air 
through highly heated tubes with the same results. This was criti¬ 
cized by their opponents who claimed that the chemical alteration 



Fig. 2. —Experiment of Schulze: Forcing air through sulphuric acid. (Lafar.) 


of the air subjected to such drastic treatment had been responsible 
for the absence of bacteria in the infusion. The work of Schroeder 
and Dusch (1853) was more convincing, for they found that it was 
sufficient to stopper the bottles with cotton plugs; the air passed 
in but the microorganisms were held back by the cotton and the 



Fig. 3.—Experiment of Schwann: Heating air to make it sterile. (Lafar.) 


contents of the flasks kept in good condition. Every now and then 
the contents of a flask would spoil, even after it had been carefully 
stoppered and boiled. This remained a stumbling block in the way 
of those who maintained that life sprang only from life, until in the 
year 1865 when Pasteur demonstrated that many bacteria may pass 
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into a resting stage, and while in this condition will withstand con¬ 
ditions which quickly kill them in the vegetative stage. Eleven 
years later Cohn of Breslau carefully investigated organisms in this 
resting or spore stage, and today forms of microorganisms are known 
which mil withstand boiling water for sixteen hours without being 
killed, and others resistant enough even to endure for many hours a 
10 per cent, solution of carbolic acid. 

Fermentation.—Since the dawm of history man has been interested 
in that wonderful process known as fermentation, and although 
many an ingenious theory has been formulated to explain it, little 
more than theory existed until the classic w’-ork of Pasteur on fer¬ 
mentation appeared about 1837. Pasteur claimed that all forms of 
fermentation were due to the action of microscopic organized cells. 
An idea such as this, even at this late date, did not go unchallenged, 
for WQ find no less illustrious workers than Helmholtz and Liebig 
opposing it. Liebig scoffed at such an idea, writing: Those who 
pretend to explain the putrefaction of animal substance by the 
presence of microorganisms reason very much like a child who 
would explain the rapidity of the Rhine by attributing it to the 
violent motions imparted to it in the direction of Burgen by the 
numerous wheels of the mills of Venice.’' 

However, Pasteur’s carefully planned experiments soon demon¬ 
strated that without the microorganisms there w-ould be no fermen¬ 
tation, no putrefaction, no decay of any* tissue, except by the slow 
process of oxidation. The care with which his experiments were 
planned and executed are well shown in the experiments with grape 
sugar, concerning which he wrote: '‘1 prepared forty flasks of a 
capacity of from two hundred and fifty to three hundred cubic 
centimeters and filled them half'full with filtered grape-must, per¬ 
fectly clear, and which, as is the case of all acidulated liquids that 
have been boiled for a few seconds, remains uncontaminated, 
although the curved neck of the flask containing them remains 
constantly open during several months or years. 

'Hn a small quantity of w^ater, I w^ashed a part of a bunch of 
grapes, the grapes and the stalks together, and the stalks separately. 
This washing was easily done by means of a small barber’s hair¬ 
brush. The washing-w^ater collected the dust upon the surface of the 
grapes and the stalks and it was easily shown under the microscope 
that this water held in suspension a multitude of minute organisms 
closely resembling either fungoid spores or those of alcoholic yeast, 
or those of My coderm a vin% etc. This being done, ten of the forty 
flasks were preserved for reference; in ten of the remainder, through 
the straight tube attached to each, some drops of the washing-water 
were introduced; in a third series of ten flasks a few drops of the 
^ same liquid were placed after it had been boiled; and,finally in the 
* ten remaining flasks were placed some drops of grape-juice taken 
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from the inside of perfect fruit. In order to carry out this experi- 
iiient th6 straight tube of each flask was drawn out into a fine and 
firm point in the lamp, and then curved. This fine and closed point 
was filed round near the end and inserted into the grape wlnle 
resting upon some hard substance. When the point was felt to 
touch the support of the grape it was by a slight pressure broken ofF 
at the file mark. Then if care had been taken to create a slight 
vacuum in the flask, a drop of the juice of the grape got into it; the 
filed point was withdrawn and the aperture immediately closed in 
the alcohol lamp. This decreased pressure of the atmosphere in tlie 
flask was obtained by the following means: After warnaing the 
sides of the flask, either in the hands or in the lamp flame, thus 
causing a small quantity of air to be driven out of the end of tlie 
curved neck, this end was closed in the lamp. After the flask was 
cooled, there was a tendency to suck in the drop of grape-juice in 
the manner just described. 

^'The drop of grape-juice which enters into the flask by this 
suction ordinarily remains in the curved part of the tube, so that to 
mix it with the must it was necessary to incline the flask so as to 
bring the must into contact with the juice and then replace the flask 
in its normal position. The four series of comparative experiments 
produced the following results: 

‘'The first ten flasks containing the grape-must boiled in pure air 
did not show the production of any organisms. The grape-must 
could possibly remain in them for an indefinite number of years. 
Those in the second series, containing the water in which the grapes 
had been washed separately and together, showed without exception 
an alcoholic fermentation which in several cases began to appear 
at the end of forty-eight hours when the experiment took place at 
ordinary summer temperature. At the same time that the yeast 
appeared, in the form of white traces, which little by little united 
themselves in the form of a deposit on the sides of all the flasks, 
there were seen to form little flakes of Mycelium, often as a single 
fungoid growth or in combination, these fungoid growths being 
quite independent of the must or of any alcoholic yeast. Often, also, 
the Mycoderma vini appeared after some days upon the surface of 
the liquid. The vibria and the lactic ferments, properly so-called, 
did not appear on account of the nature of the liquid. 

“The third series of flasks, the washing-water of which had been 
previously boiled, remained unchanged, as in the first series. Those 
of the fourth series, in which was the juice of the interior of the 
grapes, remained equally free from change, although I was not 
always able, on account of the delicacy of the experiment to eliminate 
every chance of error. These experiments cannot leave the least 
doubt in the mind as to the following facts: 

“ Grape-must, after heating, never ferments on contact with air," 
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when the air has been deprived of the germs which it ordinarily 
liolds in a state of suspension. 

“The boiled grape-must ferments when there is introduced into 
it a very small quantity of water in which the surface of the grapes 
of their stalks have been waslied. 

“Tlie grape-must does not ferment when there is added to it a 
small quantity of the juice of the inside of the grape. 

“ The yeast, therefore, which causes the fermentation of the grapes 
in tlie vintage-tub comes from the outside and not from the inside 



Fin. 4.—■TyiuIalFs lx)x. Oiio side is removed to show the construction. The 
bent tubes at the top arc to permit a. free circulation of air into the interior. The 
window at the back has one corre8po^din^^ in the front (removed). Through these 
the beam of light sent through from the lamp at the side was observed. The three 
tubes received the infusion and were then boiled in an oil bath. The pipette was 
for filling the tulms. (Popular Science Monthly, April, 1877.) 

of the grapes. Thus it destroyed tlie hypothesis of MM. Trecol and 
Fretny, who surmised that the albuminous matter transformed 
itself into yeast on account of the vital germs which were natural 
to it. Witli greater reason, therefore, there is no longer any ques¬ 
tion, of tlie tficory of Liebig of the transformation of albuminoid 
matter into ferments on account of the oxidation.’' 

Pasteur’s work did not stop here, for he soon proved that a disease 
^ that was attacking the silkworm was caused by bacteria. And from 
tliis there developed the idea that disease in general is due to bacteria. 
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If there were any doubts left in the minds of the scientific world 
as to the fallacy of the theory of spontaneous g-eneration, after the 
work of Pasteur, they were dispelled by the work of Tyndall. 
Tyndall proved that in an atmosphere devoid of dust, as on the 
tops of mountains and in some ingeniously constructed boxes used 
by Mm, perishable substances, such as beef tea, if sterile when placed 
in such an atmosphere, will keep for an indefinite period. 

Smallpox.—Smallpox Avas formerly looked upon as practically 
unavoidable by all members of the human family, as is seen from a 
popular saying ciiiTent in Germany in the eighteenth century: 
‘'yoxi Pocken und Liebe bleiben nur wenige frei,’’ from smallpox and 
love fcAv remain free. 

Concerning smallpox Macaulay wrote in referring to the death of 
Queen Mary from the disease in 1694: ''The havoc of the plague 
had been far more rapid; but plague had visited our shores only 
once or twice A\ithin living memory, and the smallpox was always 
present, filling the churchyards with corpses, tormenting with 
constant fears all whom it had not yet stricken, leaving in those 
whose lives it spared the hideous traces of its power, turning the 
babe into a changeling at which the mother shuddered, and making 
the eyes and cheeks of the betrothed maiden objects of horror to the 
lover.’’ 

For the difl'erent condition which exists today in civilized countries 
where the fear of smallpox is nearly as remote as that of leprosy, 
Edward Jenner (1749-1823) is chiefly to be thanked. Plis attention 
Avas at first directed to the subject by the remark of a young girl: 
"I cannot take smallpox for I have had coAvpox.” After consider¬ 
able labor and opposition he developed and gave to the world, 
without monetary consideration, his vaccine Avhich has all but 
banished from the world the dreaded disease—smallpox. 

Anthrax.—As early as 1863 investigators had seen in the blood 
of some animals that had died of a disease known as anthrax, a very 
small rod-like organism which permeated all the capillaries. Their 
experiments showed that the blood from such an animal, when 
injected into the veins of a second animal, caused it to die of the 
same disease. But they found that there were times Avhen the organ¬ 
ism could not be discovered in the blood of the dead animal, although 
injection Avith blood from this animal would cause the death of 
another. This fact left a doubt in the minds of thinking men as to 
whether this rod-shaped organism was the cause of the aninaaPs 
death or whether it was "some invisible element in the blood.’" 
Not until thirteen years later was this fully settled by the work of 
Robert Koch. He not only saw the rod-shaped organism, but 
obtained it free from all other substances, and proved that it was the 
specific cause of the disease. This was followed by many other dis¬ 
coveries, until today it is known that practically all diseases are due*' 
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to microscopic organisms. Yes, even many of the changes taking 
place in the body and associated with old age are attril)iited by some 
writers to the products generated by bacteria. 

The workers in this field are not satisfied with knowing the cause 
of a disease, but they wish to know how they may ward off disease 
and how to cure it when once it gains access to the body of an animal. 
Pasteur soon announced that he had found a preventive for anthrax. 
His statement was immediately challenged by the president of an 
agricultural society in such a way that it was brought to the atten¬ 
tion of the entire civilized world. He suggested that the subject be 
submitted to a decisive public test and offered to furnish fifty sheep, 
half of which should be protected by the attenuated virus prepared 
by Pasteur. Later they were all to be infected by the disease- 
producing organisms and if the vaccine were a success the protected 
ones were to remain healthy, the unprotected ones to die of the dis¬ 
ease. Pasteur accepted the challenge and suggested that for two 
of the sheep there should be substituted two goats, and that there 
be added to the herd ten cows, but he stated that these latter animals 
should not be considered as falling rigidly within the test, for his 
experiments had not yet been extended to cattle. Before this time 
the fame of Pasteur had been considered firmly established, l)ut now 
all the world looked on with doubt to think that any man should 
make such a preposterous claim. On May 5 the animals to be pro¬ 
tected received their first treatment with the vaccine and a second 
two weeks later. Virulent cultures of the disease-producing organ¬ 
ism were then inoculated into the animals. The results of the test 
were indeed dramatic. 

^^Two days later, June 2, at the appointed hour of rendezvous, a 
vast crowd, composed of veterinary surgeons, newspaper corre¬ 
spondents, and farmers from far and near, gathered to witness the 
closing scenes of this scientific tourney. What they saw was one of 
the most dramatic scenes in the history of peaceful science, a scene 
which Pasteur declared afterward, 'amazed the assembly.’ Scattered 
about the enclosure, dead, dying, or manifestly sick unto death, lay 
the unprotected animals, one and all, while each and every protected 
animal stalked unconcernedly about with every appearance of per¬ 
fect health. Twenty of the sheep and the one goat were already 
dead; two other sheep expired under the eyes of the spectators; the 
remaining victims lingered but a few hours longer. Thus, in a 
manner theatrical enough, not to say tragic, was proclaimed the 
unequivocal victory of science.” 

It has been estimated by conservative writers that Pasteur’s dis¬ 
covery of the means of preventing or curing anthrax, silkworms’ 
disease, and chicken cholera, adds annually to the wealth of France 
a sum equivalent to the entire indemnity paid by France to Germany 
after the War of 1870. 



26 development of bacteriology 

other Work of Pasteur.—This was only a part of tlie work of this 
great man, for in 1885 he announced a cure for hydrophobia. Prior 
to this time the disease developed in at least 16 per cent, of the 
individuals bitten by mad dogs, and of this 16 per cent., 106 per cent, 
died. Since Pasteur’s discovery the number of deaths from tliis 
cause has been reduced almost to zero. The profound importance 
of his work has been well summarized by Lord Lister: ‘'Truly there 
does not exist in the entire world any individual to whom the medical 
science owes more than they do to you. Your researches on fermen¬ 
tation have thrown a powerful beam which lightened the baleful 
darkness of surgery and has transformed the treatment of wounds 
from a matter of uncertain and too often disastrous empiricisms 
into a scientific art of sure beneficence. Thanks to you, surgery has 
undergone a complete revolution which has deprived it of its terrors 
and has extended almost without limit its efficacious i.)owers.” 

And Tyndall writes: "We have been scourged by miserable 
throngs, attacked from impenetrable ambuscades, and it is only 
today that the light of science is being let in upon the murderous 
dominion of foes.’" 

Other Plagues Conquered.— In the realm of medicine one discovery 
after another has followed in raj^id succession during the last few 
years, until today diphtheria instead of having a death-rate of over 
30 per cent, has one of less than 3. Typhoid fever is all but con¬ 
quered. Asiatic cholera and the yellow fever have been nearly 
wiped from the face of the earth, thus making possible the building 
of the Panama Canal. 

Lister.— Thanks to the wonderful work of Lord Lister we no longer 
have that terrible suppuration, which before his time followed even 
slight wounds. At the close of the nineteenth century it was asserted 
that "Listerism” had saved more lives than had been sacrificed by 
all the wars of the nineteenth century. Although continually 
brought in contact with sufiering and misery, this truly great man 
did not lose his tender-hearted nature and love of children, as is 
shown by the following story related by one of Lister’s students. 

"One day when Lister was visiting his wards in the Glasgow 
Eoyal Infirmary, there was a little girl whose elbow-joint had been 
excised, and this had to be dressed daily. Lister undertook this 
dressing himself. The little creature bore the pain without com¬ 
plaint, and when finished she suddenly produced from under the 
clothes a dilapidated doll, one leg of which had burst, allowing the 
sawdust to escape. She handed the doll to Lister, who gravely 
examined it; then asking for a needle and thread, he sat down and 
stitched the rent, and then returned the doll to its gratified owner.” 

Yellow Fever.— The investigators in some of these fields have gone 
into it not only with a knowledge of the fact that failure may be 
their lot, but they even risked their lives in the work, as is shown 
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ill the fight against yellow fever. ] )r. La^^ear, an American army 
surgeon, allowed himself to !)e l)ltten l)y a mosquito in. an infected 
ward. ]I(‘ soon aeciuired yellow fever in the most terrible form and 
died a martyr to seii^nec' and a true hero. He gave up his life for 
others; the ])lain record of his sacrifice is recorded thus upon a 
tablet erectc‘d to his m<‘mory: “With more than the courage and 
devotion of tlie soldier, he risked and lost his life to show how a 
fearful i)estilence is communicated and how its ravages may be 
prevented.” That this is (‘onvtiycd only by the bite of the mosquito 
was shown by th(‘ following: Three brave men slept for twenty 
nights in a small, ill-ventilated room screened from mosquitoes but 
eontaining furniture and (dotliing smeared with the excretion of 
y(‘llow fever ])atients- some of whom bad died of the disease. None 
of the men contracted y(dlow h^.v'er, thus indicating the disease was 
not of a contagious natunn 

Agricultural Bacteriology.- In bScSIl hurrill, by the discovery of 
the organism wlii(‘h caus(*s fire- or pea.r-blight, opened up a similar 
interesting and practical H(‘ld in the plant kingdom wliich even at 
the pr(‘S(‘nt day is only in itsinfa,ncy. 

It may app(‘ar from th(‘ pna-eding tha.t badcria are all enemies 
of man, but this is not, tru(% for there are many more beneficial 
bacteria than injurious (UH‘s, 

Even in the field of agricultural })a(d(Tiology rapid advances have 
Ijeen and are tuniig made. To n<‘ij(‘rinck, Ileilriegel, Wilfarth, Lip- 
man, and a Imst of oth(*r.s, w<* owe* our knowledge concerning the 
morphology ami f>hysioIogy of t in* nitrogen-fixing organisms. In 1888 
Winogradsky is(^iat(‘d th<‘ nitrifying organisms whicli grow on a 
medium <l(‘voi(l iff all organic mat ten- and since that time there is an 
(tver-in (Tea sing voluna* of work on this ]>lia.se of the subject. Han- 
s(‘n’s invc\stigati<fn in industrial feununtatiou is also important. 

Future Work. Our iituy think from the preceding that in this 
fmld of seieiH'c tlnuaMs little to h<* doiuv, hut this is not the case, for 
there are diseasc^s still uneonfpi(*re(l. The great ^'Wliite Plague^' 
still claims its millions cadi ye^ar. Th(‘r(i ar(‘ disi'ases which are 
sapping ihv wry lih^djhaid of ih.e* nation, ytt thc^y go imchecked. 
Science* as \'et has not eomc to tint aid of the^ nnfortunate victims. 

As regards the Ixmdicial organism we have only just started to 
realize their great pejssibilitie*s. In the soil are five great classes of 
organisms wliieh (lead witli tlu^ transfonnation of nitrogen. One 
(‘lass (iirnVH on putred’aeiiejn, changing the; insoluble pi'oteins into 
aimnemia, anotb(*r pidis tbc ammonia np as forme<b transforming 
it into rutrit<‘.s, ami ciem this innst be cliangcd into nitrates before 
plants <‘an use it. riidem wliai condition are these eluinges carried 
on at a maxiimiiii rate*? What influence; has moisture, temperature 
crop, and metliod fd‘ tillage; on this <*hange? Home of these questions 
are being answe*ri*cl fjy tbi; work now being conducted, but there are 
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many yet unanswered. Still they are vital questions, for, in many 
cases, the crop yields will be determined hy the skill witli which 
these various changes are controlled. There is another set of organ¬ 
isms in the soil, the function of w-hich is to take the practically 
valueless nitrogen of the atmosphere and change it into forms such 
as the higher plants can feed upon. How may we control them for 
maximum yields? For if treated properly they will never tire, but 
toil on forever. Then again it is possible that bacterial action may 
be used as a measure of soil fertility and methods so perfected which 
are more sensitive than any now in use. Truly, in this field great 
things have been accomplished, but there remains yet to conquer 
fields richer by far than the workers of the past have ever dreamed. 
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CHAPTER IL 


BACTERIA AND THEIR PLACE IN NATURE. 


Bacteriology in the strictest sense is that branch of science 
which deals with the distribution, morphology, classification, and 
function of bacteria. However, it is often used more general to 
include bacteria, yeasts, molds, and protozoa. A better term where 
all four groups are included is ''microbiology.'' Many of the modern 
writers use this term. 

Definition of Bacteria.— -Bacteria are extremely minute, simple, 
unicellular organisms which multiply with great rapidity, usually 
by transverse fission, and are devoid of chlorophyl. Although they 
contain nuclear material which is usually diffused throughout the 
cell body in the form of larger or smaller granules, they possess no 
definite organized nucleus. They are generally accepted as belong¬ 
ing to the vegetable kingdom. This is not mthout some opposition, 
due to the inherent difficulty of the subject, as is so admirably 
pointed out by Fischer: "The terms' animal' and 'plant' are collec¬ 
tive terms invented by laymen to describe familiar living things, 
insects and elephants, mosses and oak trees, and they date from a 
tinte when such minute beings as bacteria were quite unknown. It is 
therefore as superfluous as it is futile to attempt, as many have done, 
to detect the distinguishing characters of the 'animal' and the 
'vegetable' kingdoms among organisms for which these terms were 
never intended. For this reason, Haeckel and others have proposed 
to establish a third dominion, that of the Protista, which shall 
include all those forms in which differentiation has not been pro¬ 
nounced on the lines of either animal or plant development. The 
new group would take up Radiolarians, Flagellata, and Infusoria 
from the animal side, and the Cyanophycese as well as some low 
forms of Algae and Fungi from the plants. The border-line between 
protista on the one hand and plants and animals on the other is— 
it must be confessed—artificial. To these protista, which embrace 
approximately all those forms of life we commonly call micro¬ 
organisms or microbes, the bacteria belong." 

It is generally stated that the plant cell differs from the animal 
cell by the possession of a firm and well differentiated wall, wholly 
distinct from the containing protoplasm, whereas the boundary 
surface of the animal cell is more often an outer layer of the proto¬ 
plasm and not separable from it. Moreover, the typical cell wall 
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of plants is usually made up of cellulose or one of its derivatives; the 
outer membrane of the animal cell is nitrogenous and where there 
is a heavy cell wall it is chitinous. Both of these distinctions break 
down in the case of the lower forms of plant and animal life. 

The '‘blue-green’’ aigse, or SchizophyceEe, possess chlorophyll and 
are obviously plants. Structurally, many of these are practically 
identical with bacteria. This constitutes a strong argument for the 
plant affinities of the bacteria. 

Nor is it an easy task to differentiate nicely between bacteria, 
yeasts, and molds. Generally speaking, typical bacteria, yeasts, and 
molds may be distinguished from each other as follows: Bacteria 
are unicellular, devoid of a definite organized nucleus but con- 




Fig. 5.—To illustrate the close relatioiishixi of the bacteria to the I^Iuc-Krcen ulgjc. 
The figures to the left (A) are blue-green algSR, those to the right (B) bacteria. Those 
forms most closely resembling each other are lettered alike. A, blue-green algae: 
a, Aphanocapsa; h, Merismopedia; c, Glootheca; d, Spimlina; r, Phormidium; /, 
Nostoc. (All adapted from West.) B, bacteria: a, Micrococcus; h, Sarcina; c, 
Bacillus; d, Spirillum; e, Bacillus in chains;/. Streptococcus. (Buchanan’s Household 
Bacteriology.) 


taining nuclear material. They multiply by transverse fission. At 
times they are united into filaments or masses, but are usually 
easily separated. Yeast cells are usually, though not always, larger 
than bacteria. Although unicellular they contain a definite organ¬ 
ized nucleus. They may remain united after cell division, but eacli. 
cell .constitutes a definite entity. Most yeasts multiply by budding 
—only a few by simple fission. Molds are multicellular, nucleated 
organisms which are usually made up of a mass of interwoven or 
radiating threads consisting of chains of cells. 

Divisions of Plant Kingdom.— Plants are divided into four great 
groups: STermatopkytes or seed plants, Pteridophytes or fern plants, 
Bryophytes or liver-worts and mosses, and Thallophytes or thallus 
plants. This last group has little or no differentiation of vegetative 
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organs, such as stems and leaves. Two groups stand out conspicu¬ 
ously-known as algae and fungi, but there are other groups whose 
relationship is not so clear. The main divisions of the T/iallophyte^ 
are (1) Myxomycetes, commonly known as slime molds, or slime 
fungi, which combine characters of plants and animals; and (2) 
Schizophytes or fission plants, characterized by cell divisions occur¬ 
ring in rapid succession which is their only method of reproduction. 
They consist of two groups: the_Cyanophyce:e, or blue-green algae, 
and the Schizomycetes, or bacteria. 

The relationship is shown diagrammatically below: 


Thall ophy tes—simple, 
undifferentiated plants; 
do not develop roots, 
stems or leaves. 


Myxomycetes—slime molds, or slime fungi. 

( Cyanophycem— 

Schizophytes—fission plants -{ 


-Blue-green 


algSB. 

{Schizomycetes-bacteria. 

Algse, including seaweeds, pond scums, watex-^silks, etc.; 
contain chlorophyll. 

f Yeasts. 


Pungi without chlorophyll. 


Molds. 
Mildews. 
Smuts. 
Rusts, etc. 


Occurrence of Bacteria.—Bacteria are ubiquitous, occLiirring as 
they do nearly everywhere. They are found in soil to grea.t depths, 
their number decreasing with the depth and nature of the soil, being 
more numerous in soil containing organic matter than in those 
practically devoid of it. Although they occur in the atmosphere, 
it is not their normal habitat, for growth and miiltiplication cannot 
take place in it under ordinary conditions. The number mud kind 
found in air vary with a number of factors, chief among which is 
.locality. The air of some high mountains is practically devoid of 
bacteria; city and country air also differ from each other in the 
number and kind of bacteria they contain. Other con-trolling 
factors are moisture, presence or absence of injurious substarnce, and 
minute particles in the atmosphere. 

Most natural waters contain great numbers of bacteria. In 
sewage and polluted water they are especially numerous, bni: occur 
only in small numbers or not at all in deej) wells and springs. The 
kind of organism varies with the eompositiori of the water ^n.d with 
the original contamination. Milk as secreted by the milk glands 
of cows is practically free from bacteria, but the vessels in which it 
is handled so contaminate it that it rapidly gains in bacteria.. Often 
by the time it reaches the consumer it contains millions iix every 
cubic centimeter. In short, all food except that recently cooked 
contains bacteria, the number and kind of which vary with the 
nature and age of the food. 

Living as we do in a world which is teeming with bacteria., we can 
e:spect to find them on the surfaces of the skin and mucouLS mem- 
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brane Normally, the infant enters the world free from bacteria, 
but they soon begin to settle on the skin; they penetrate the nose 
and mouth; the first respiratory movements and cries carp them 
into the respiratory passages; and between the tenth and seyen- 
teentli hour they have reached the intestines. ^ 

Ordinarily, the deeper respiratory passages contain but lew 
bacteria, but it has been proved that even the tubercle bacillus can 
penetrate with the inspired air to the bottom of the pulmonary 

On account of its acidity, yeasts and molds flourish better in the 
stomach than do bacteria. However, at least thirty species or 
bacteria (occurring in the stomach) have been described, many oi 
w’hich have attracted special attention on account of the lielief tliat 
their presence may favor other more injurious species. 

The intestines, on account of their alkaline reaction and the partly 
digested condition of their contents, are a great reservoir of bactterial 
actudty. Metchnikoff and others have given an immense amount 
of w'ork to a consideration of their function within the body and the 
probable result in their absence. The only conclusion which is 
possible at present is that, living as we are in a world filled with micro¬ 
organisms, life without them is impossible. All that can be done is 
to make conditions such that the injurious species are suj)])ressed 
and the beneficial ones favored. Out of this has grown sour-milk 
therapy. 

The normal tissues of plants and the blood and tissues of animals 
are free from bacteria. They are rarely found on certain healthy 
mucous membranes, such as those of the kidney, bladder, and 
lungs. Occasionally they pass through the skin or tlie mucous 
membrane of the digestive tract after which they may be found for 
a short time in the blood. This is especially the ease during the 
height of digestion and it probably accounts for the large numt)er 
of leukocytes w^hich swarm in the intestinal mucosa and wliich liave 
been thought to be in some way associated with the process of fat 
absorption. 

In certain diseased conditions the blood and many of the tissues 
of the human body are found to contain numerous bacteria. Soon 
after death even the saprophytes rapidly invade and decompose the 
body tissues. 

R61e of Bacteria in Nature.—Bacteria play a wonderful role in the 
many transformations going on in this world. It is difficult to con¬ 
ceive of life without them and their help. For the beneficial ones 
we turn first to the soil, for from this—either directly or indirectly - ™ 
man largely drawl's his food, clothing, and other necessities of life. 
The soil is not, as many think, a dead, inert mass, but it is teeming 
wdth life! Both microscopic plants and animals inhabit it by the 
millions. These have been at work within it long before man began 
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to till the soil. In the formation of soil from the primitive rock, 
bacteria played no small part, the changes wrought by the elements 
first giving them a foothold. 

Changes in temperature tear loose huge rocks and break them 
into fragments. It is well known that most substances when heated 
expand and contract in such varying degrees that parts are put 
under a strain. This strain at times is sufficient to cause cracks of 
various sizes to occur in the rock, a result which may be illustrated 
by the sudden cooling of hot glass or the sudden heating of cool 
glass. Throughout the long, hot days of summer rock is heated to 
a comparatively high temperature, as the boy who has chased bare¬ 
foot over their surface in quest of grasshoppers or butterflies will 
testify. At night they cool. This is repeated day after day. This 
continued heating and cooling gradually causes small crevices to 
appear in even the most resistant. These become filled with water 
and dust; when the cold nights of autumn come the water freezes. 
In freezing, the water expands and the rocks are broken into pieces. 
So it continues day after day and year after year, until the rock 
becomes a fine pow^der. Even then, how’ever, the plant-food is still 
insoluble and cannot be taken up by the plant. Long before it has 
reached the form of powder, bacteria begin to grow upon the surface 
of the rock and in the crevices. In their growth they form acids 
which act upon the insoluble plant-foods, rendering them soluble. 
Bacteria continue their work long after the rocks have been changed 
to soil, each day liberating a little more plant-food for the growth 
of plants during that day. During the year the bacteria are able in 
a fertile soil to liberate enough plant-food for the production of a 
good crop. When manure is applied, it not only supplies food for 
the growing crop, but it also supplies food for the microorganisms, 
and they in turn liberate more of the insoluble constituents of the 
fine rock particles of which the soil is mainly composed. There are 
millions of them in every ounce of soil, struggling, to be sure, for 
their very existence, but always rendering a little more mineral 
plant-food available. 

One of the essential elements for crop production, and the one 
which is usually in the soil in the smallest quantities, is nitrogen. 
This, unless it be applied to the soil in the form of the costly fer¬ 
tilizer, nitrates, must be prepared for the plant by bacteria. The 
farmer finds his crops are limited directly by the speed with which 
these organisms prepare the food for his growing crop. If they 
are active, other things being favorable, he will get a good crop; 
but if they do not play their part, though everything else may be 
ideal, yet there is no crop. 

Bacteriological examinations of cultivated soils have shown that 
usually those that are richest contain the greatest number of bac¬ 
teria. The number in the soil is dependent upon the quantity and 
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flmraclcr of food the hueteria find in the soil. If the soil is rich in 

]) cin , irM<lu(‘s harnyard maimres and the like—many bacteria will 

hiiiiid pulling these substances to pieces, liberating gases 

aijc ac'HLs uhieh a(*t upon insoluble particles of the soil and render 
tlumi Oiu, (‘lass of organisms changes the protein constitu¬ 

ents (11 t.Iu^ soil into aminonia. This type is called ''ammonifiers/' 
A person can oiltm detect their activity from the odor of ammonia 
eonung ironi manure lieax)s. 

Most plants cannot, lioweyer, use nitrogen in the form of ammonia; 
it must he in llm iorni of nitrates. This transformation is brought 
about hy (avo dislincd: tyixis of organisms. One of them feeds upon 
lint ammonia produced and manufactures nitrous acid. Should the 
<‘liange e(‘as<* at this point and nitrites accumulate in the soil in 
largc^ (plantit ies, plants would not grow upon it, for this is a poison 
t(> plants. Ihit in soils ])roi)er]y cared for only minute quantities 
ol nitritys a(‘euinulat(s As soon as they are formed another type 
of organism le«‘ds upon them and manufactures nitric acid for the 
growing ]>lant. Tfiis, when formed, reacts with other constituents 
ol i1h‘ soil, such as limestone. It is then ready to be taken up by the 
])lant and manufacdurcMl into nourishing food, beautiful flowers, or 
fragrant p(*rrunies for tlie human family. 

V^’e^‘ it not for liaetcM’ia the world in time would be filled with 
iieviUM’hanging organic matter. The plant residues, trees, and 
animal liodies would remain stored up in the soil, and with it that 
ekanent carbon which, in the form of carbon dioxid, is required 
by all (hlorophyl plants. Bacteria, in getting the energy which they 
r(‘<inir(* in tlicir lihi activity, are continually liberating carbon so 
that it may start, again on its journey of construction. If carbon 
and nit rogcn could }>ut speak, what tales of wonderment they would 
tc*ll! The (‘ficini.st, the l>ac*teriologist, and the farmer would each be 
wisiT, for many of the changes through which carbon and nitrogen 
pass, due eitluT to tlie action of the lower plants—bacteria—or that 
of tlw higlier |)hints arc so complex that even the scientist with his 
ai)parently magical rnetliods cannot follow them. 

Ho far only tlie idant-food in the soil and the changes through 
wlii<*h it iiasses have been considered. The farmer, however, is 
nsualiy more eoncerned with that substance his soil lacks and which 
must be snpfilic'd in order to get good crops. In many cases the 
lacking element, is nitrogen. One notes from the fertilizer quotations 
that thc! (dc‘meiits will (.‘ost fifteen cents a pound or over if purchased 
in tlie form of sodium nitrate, ammonium sulfate, or dried blood. 
If one .sto|)H to make a simiile calculation he finds that it would cost 
fifteen dollars for enough to produce 100 bushels of corn, eleven 
dollars for cmoiigh to produce 50 bushels of wheat, and seven dollars 
and fifty eemts for enougli to produce one ton of alfalfa hay. In 
these calculations it lias been assumed that one could get back in 
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the form of corn, wheat, or alfalfa every pound of commercial nitro¬ 
gen that has been applied to the soil, which, on the face of it, is an 
utter impossibility. So we have to look to other means of getting 
nitrogen for our growing crop, and here again bacteria come to our 
rescue. 

There are seventy-five million pounds of atmospheric nitrogen 
resting upon every acre of land. None of the higher plants, however, 
have the power of taking this directly out of the air. One family 
of plants, the Leguminosse, in which are included peas, beans, alfalfa, 
clover, and many others, if properly infected by bacteria have the 
power of using this atmospheric nitrogen. Under this condition 
and with these plants nitrogen no longer remains the limiting ele¬ 
ment of crop production. For these microscopic organisms which 
live within small nodules upon the alfalfa are master chemists. 
Within their tiny laboratory they can bring about changes which 
man can imitate but imperfectly with costly machinery and under 
the action of powerful electric currents. In some of the experiments 
carried on at the Illinois Experiment Station these minute organisms 
were found to be able to increase the value of the first cutting of 
alfalfa hay $27.80 an acre, if the nitrogen in the alfalfa be counted 
only at the same price as we would have to pay on the market for 
an equivalent quantity of nitrogen in the form of a commercial 
fertilizer! If these crops be plowed under the fertility of the soil 
would be increased to just that extent. One writer has said of them: 
“They not only work for nothing and board themselves, but they 
pay for the privilege.^’ This is strictly true, for all they require is a 
plant on which to grow and a well-aerated moist soil containing 
limestone. They cannot work in an acid soil. 

There is another class of nitrogen-gathering organisms within the 
soil which differs from the above in that they live free in the soil 
and gather nitrogen. Under ideal conditions they may gather 
appreciable quantities. 

It is quite possible that much of the benefit derived from the 
summer fallowing of land is due to the growth within the soil of this 
class of organism which stores up nitrogen for future generations 
of plants. It has been found that they are more active and found 
in greater numbers in such a soil. All the work that the farmer puts 
upon the soil to render it more porous reacts beneficially upon these 
organisms, because they not only love atmospheric nitrogen and 
oxygen, but must have them. • These elements are absolutely essen¬ 
tial to their life activities and they must be obtained from within 
the soil since the minute organisms cannot live upon the surface for 
the direct rays of the sun kills them in a short time. 

But these are only a few of the many that help the farmer. They 
are at work in his silo rendering the feed more palatable and nutri¬ 
tious for his cattle. They are working in his milk and cream, and 
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if they be the right kind they give to butter and cheese a desirable 
flavor. They take part in the tanning of leather, the retting of flax, 
the curing of tobacco, and, in short, they help us in a hundred and 
one ways we little suspect. One of the most fascinating and instruc¬ 
tive tasks set for man is to learn how to increase the work of the 
beneficial bacteria and to suppress or entirely weed out the injurious 
bacteria. 

Divisions of Bacteriology.—Bacteriology, although one of the 
youngest of sciences, is no longer confined to one branch which can 
be adequately covered by one text or its whole field covered by any 
one individual, but is, as are the other sciences, divided into a 
number of divisions each dealing with a certain phase of the subject. 
The main divisions are: 

1. Agricultural bacteriology which deals with the bacteria of the 
soil and their relation to plant life. 

2. Dairy bacteriology which deals with the bacteria of milk and 
their relations to dairy products such as pure milk, butter, and 
cheese. 

3. Industrial bacteriology, which considers the use of bacteria in 
the arts and which also deals with methods of suppressing injurious 
bacteria and favoring the beneficial. 

4. Plant pathology which deals with the cause and prevention of 
those diseases that attack plants by invading their tissues. 

5. Animal pathology which deals with bacteria in relation to the 
diseases of the lower animals. 

6. Human pathology which deals with the distribution, mor¬ 
phology, physiology, and pathological changes produced by bacteria 
which are pathogenic to man. 



CHAPTER III. 

MORPHOLOGY OF BACTERIA. 

In shape, bacteria have the very simplest conceivable structure, 
and although there are thousands of different kinds differing in 
properties, they all have one of three general forms: rod-shaped, 
spherical, or spiral. 

Bacilli.—The rod-shaped organisms, which may be compared to 
a lead pencil, are cylindrical organisms in which a longer and shorter 
dimension inay be recopiized. They are the bacilli (sing, bacillus), 
ihe ends of the organisms may be convex, less often flat or even 
concave. The size also varies, some being so short that it is next 
to impossible to tell whether they are rods or globular organisms; 
others are comparatively long. 
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Fig. 6.— The normal types of bacteria. 1-6, cocci; 7-13, bacilli; lA-lB, spirilla- 
1, micrococcus; ^ and 3, diplocooei; 4, tetracoccus; 5, sarcina; 6, streptococcus (the 
lower chain includes an arthrospore); 7 and 8, bacilli; 9, 10, 12 and IS, bacilli with 
vanous ^anules; jfi, streptobacillus; I 4 , wibrio; 15, spirillum; 16, Spirocheta trepo- 
UQwicL. (JcvcndaH.) 


Cocei.-The cocci (sing, coccus) are typically spherical and may 
be likened to a ball or at times to an egg. They may in the early 
^ages of cell division appear temporarily as bacilli with conve.x ends. 
Ihey often occur in pairs, diplococci, in which case usually their 
proximate surfaces are flattened. This flattening of the organism 
may at times be accompanied by an elongation of the axis of the 
organisms parallel to the plane of opposition. This leads to the 
coffee-bean shape exemplified in the gonococcus and miningococcus. 
At other times we have the flattening perpendicular to the plane of 
t^ flattened surface as seen in the “lance-shaped” pneumococcus. 
The cocci may be large or small and group .theniselves in various 
ways. 
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Spirilla.—The third group is the spirilla (sing, spirillum) and may 
be likened unto a corkscrew. The spiral may be loosely or tightly 
coiled or there may be one, two, or many coils. At times the curve 
may be so slight that the organism viewed under the microscope 
appears comma-shaped.’' 

More bacilli are known than cocci and more cocci than spirilla. 
Migula enumerates 833 bacilli, 343 cocci, and 96 spirilla, a total of 
1272. Other workers have tabulated more with a similar propor¬ 
tional distribution among the various groups. 

Gradations.“The difference between these fundamental types is 
at times very slight. In fact the cocci often merge into the bacilli 
and the bacilli into the spirilla. It is often difficult accurately to 
distinguish between the various groups, as is exemplified by the 
fact that at times B, prodigious has been described by one investi¬ 
gator as a coccus and at another time by a different worker as a 
bacillus. This same condition holds for the pneumonia germ and the 
one causing pear blight, whereas the cholera organism has been 
described both as a bacillus and a spirillum. 

Pleiomorphism.—By pleiomorphism is meant a permanent or 
semipermanent change in the normal form of the organism. The 
organism may at one time represent a coccus, at another a bacillus, 
and at still another a spirillum. This led the early writers to believe 
that there was a mutability of species. The condition is especially 
likely to occur among some soil organism and much light has been 
thrown on the subject by Lohnis who finds the life history of bacteria 
to be only slightly less complex than that of other organisms. 





Pig. 7. —Involution forms from bacilli. (From Flugge.) 


Involution Forms.—Although the form of bacteria is quite constant 
under normal conditions, yet there is a tendency with many organ¬ 
isms, especially when grown for some time on artificial media, to 
show abnormal or bizarre forms. Such organisms are known as 
involution forms. Some of the rod-shaped organisms may appear 
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as clubs many times larger than the ordinary, or they may appear 
as crosses or stars. The formation of large club-shaped organisms 
is very characteristic of the organism which causes diphtheria, 
whereas the formation of crosses, stars, and the like is characteris¬ 
tic of the organism which grows in the roots of alfalfa. Some writers 
have considered them degenerate forms and compared them to the 
“lame and halt’’ in the human species. This, however, is hardly an 
apt illustration, for these peculiar shaped organisms have all of the 
powers possessed by others and if they found their way into the 
body of an animal, they would be just as likely to produce the dis¬ 
ease which is characteristic of the organism as would the ones with 
the normal shape. 

In some cases this characteristic has served as a valuable aid to 
the differential diagnosis of the organism. This is especially true 
with the plague bacillus which, when grown on nutrient agar con¬ 
taining from 2.5 to 3.5 per cent, of sodium chlorid, is prone to give 
rise to involution forms. 

Size and Weight.—The unit of measurement in microscopy is the 
micron (/i), or micromillimeter. This is 0.001 of a millimeter or 
approximately jiriiro iiich. The majority of the organisms 

vary from 0.2/x up to 30/x or AOijl. They are smallest in the case of 
the cocci and largest in the case of the spirilla. 

Although there is a great variation in the size of bacteria, all are 
extremely small; even the largest are not visible to the naked eye. 
The smallest are beyond the range of our most powerful micro¬ 
scopes, and others appear as mere dots. The Pfeiffer bacillus, the 
one which was thought to cause influenza, are rod-shaped organisms, 
and if they be placed end to end it would take fifty thousand of 
them to reach one inch, or it would require about fifteen thousand of 
the bacteria which cause typhoid to form a line one inch in length. 
Of the very largest l-oiown it would require seven thousand to reach 
an inch. We often magnify bacteria one thousand times and then 
they appear as dots under the microscope, but if we would magnify 
a man to that extent he would appear to be six thousand feet tall 
and fifteen hundred feet wide. Bacteria are so small that at times 
we find five millions in a small drop of milk and yet they have 
plenty of room to move about, for it would require one hundred and 
twenty-five billion to weigh the same as a drop of milk. 

A person may wonder, since bacteria are so small, how they can 
bring about such enormous changes, for it takes but a short time 
for them to tear to pieces the body of a large animal that has died. 
All know how fast various plants and fruits decay under appro¬ 
priate conditions. Decay is due to bacteria. One organism could 
of itself bring about only a small change, but they multiply with 
almost inconceivable rapidity. The bacilli grow until they have 
reached a certain length, then divide into two, and these in turn 
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grow to maturity and then divide. Some of them may remain 
linked together, and hence appear as long chains. 

In the case of the cocci, they may divide into two and remain 
linked together as diplococci or a great many may remain connected 
together, thus giving the appearance of a string of beads; Strepto¬ 
coccus, This is the characteristic of the common blood-poison 
organism. Other spherical shaped organisms divide alternately in 
two planes and when they remain connected together and great 
masses are formed they resemble a bunch of grapes; Staphylococcus. 
This is a characteristic of the common boil-causing organism. Still 
others of the spherical organisms divide alternately in three planes 
and when they remain connected appear very similar to a bale of 
cotton; Sarchia. This is a characteristic of many of the organisms 
found in air. 

It has been estimated that if bacterial multiplication went on 
unchecked, the descendants of one cell would in two days number 
281,500,000,000, and that in three days the descendants of this 
single cell w’ould weigh 148,356,000 pounds. It has been further 
estimated by an eminent biologist that if proper conditions could 
be maintained for their life activity, in less than five days they 
would make a mass w^hich would completely fill as much space as 
is occupied by all of the oceans on the earth’s surface, if the water 
has an average depth of one milel 

Even in the face of these assumptions one need not fear, for bac¬ 
teria have been on this earth, and have been multiplying probably 
long before the advent of man, and as yet the earth has not been 
filled by them. This is due to there being a struggle among them, 
just as there is among higher plants and animals. One knows that 
if wheat be sown too thick, none of it will mature. Sometimes it is 
a lack of food, other times a lack of sunshine, at still other times it 
is a lack of moisture which prevents the growth. So it is with 
bacteria, the food or water may give out, but more often it is the 
products which they form that prevent them from continuing to 
multiply. 

Brownian Movements.—If one examines under a microscope a 
suspension or colloidal solution containing particles about Iji m 
diameter, they are seen to be in motion oscillating through a dis¬ 
tance about equal to their OAvn diameter. With smaller particles 
the oscillation is much greater proportionately. When the diameter 
is about Apt, the motions are hardly perceptible. The mean velocity 
for a particle of platinum weighing 2.5 x 10"^^ gm. has been estimated 
to be 3 X 10“^ cm. per second at ordinary temperature. These 
smaller particles often travel in straight lines and suddenly change 
their direction. Zsigmondy, describing the movement of the gold 
particles in a gold hydrosol, compared them to a swarm of dancing 
gnats. This interesting phenomenon is called “Brownian Move- 
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menf from Robert Brown (1773-1858), an English botanist, who 
first observed them in 1827 when studying grains of pollen. Observa¬ 
tions made by ingenious methods upon the Brownian movements 




Fig. 8 . —Spirillum of Asiatic cholera, 
showing single flagellum, (Kolle and 
Zetnow.) 


Fig. 9. —Spirillum volutans, showing 
flagella at either end of the bacterium. 
(Herzog.) 


of colloidal suspensoids are exactly what the kinetic theory indi¬ 
cates would be the behavior of molecules of that size. Both dead 
and non-motile bacilli show this movement as do also small particles 
freely suspended in the liquid. However, many bacteria show a 



Fig. 10.—Bacillus proteus vulgaris, showing numerous flagella around the entire body 
of the bacterium. (Herzog.) 


true independent motion and if watched the organism will be found 
to change its position with relation to other organisms. This is 
known as vital movement.” 
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The speed with which they travel, being magnified to the same 
extent as are the organisms, makes them appear to he travelling 
with enormous speed, insomuch that Leeuwenhoek, who first 
described it, stated that ‘'they seemed to tear through each other.” 
The actual speed, however, is not great for the typhoid bacillus 
may travel a distance of 4 mm. or about 2000 times its own length 
in one hour, whereas the cholera spirillum has been known to attain 
a speed of 18 cm. per hour. Some organisms are motile if grown on 
one cultural media, and non-motile if grown on another; for example, 
the colon bacillus is usually motile if examined from young cultures 
grown on gelatin or agar, but non-motile if taken from bouillon. 

Organs of Locomotion.—The protoplasmic threads called organs 
of locomotion are flagella or cilia. A cilium differs from a flagellum 
in that the former has a simple curve whereas the latter has a com¬ 
pound curve, like a whip lash. The size, the number, and the 
arrangement of the flagella are characteristic of the organism. 
Most bacteria possess flagella rather than cilia. Differences exist in 
respect to the number and position of the flagella on the cell body. 
Some forms possess only a single flagellum at one pole and are 
called monotricha, others a flagellum at each pole (amphitricha), 
others a tuft of flagella at one pole (lophotricha), others flagella 
projecting from the whole body of the cell (peritricha); and still 
others possess no flagella and are known as atricha. 



Fig. 11. —Pneumococci with unstained capsules. From pneumonia sputum, 
stained with carbol-fuchsin and differentiated with weak acid alcohol. Magnifica¬ 
tion 1000. (Karg and Schmorl.) 


Cell WaE (Ectoplasm).—The cell wall is the slightly differentiated 
outer portion of the cell substance. Many writers prefer to call it 
“ectoplasm.'' Early in the history of bacteriology it was con¬ 
sidered that the absence of cellulose in bacteria indicated that they 
belonged to the animal rather than to the plant kingdom. But 
cellulose or hemicellulose has been identified in bacteria from pus, 
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B. suhtilis, tubercle bacilli, and diphtheria bacilli. However, the 
great majority of the organisms contain chitin, a substance which 
on hydrolysis yields glucosamin, CHoOH(CHOH),CHNH 2 CIiO, 
and acetic acid. Chitin is typically animal in origin and for this 
reasoii some have argued that the bacteria belong to the animal 
and not to the plant kingdom. The flagella probably originate from 
the ectoplasm. 

Capsizes.—Many bacteria possess a capsule which is an outgrowth 
of the cell membrane and is composed of mucin. In stained cultures 
it usually appears as a halo surrounding the organism. The forma¬ 
tion of a capsule is not confined to only a few species, some writers 
arguing that under appropriate conditions all organisms form them; 
yet the so-called capsulates are especially prone to do so. Some 
organisms produce capsules when grown on one media, but not if 
grown on another. Milk especially favors the formation of capsules. 

Sheath.—Often a distinct tube is formed in which is inclosed the 
chain of cells; to this tube is given the name sheath.’' It is espe¬ 
cially characteristic of some of the trichobacteria as crenotkriv in 
which there is a deposition of iron. Sometimes these become fossil¬ 
ized, occurring in hugh deposits in ferruginous water. 

Zoogloea.—Often the gelatinous material of the cell causes great 
masses of cells to adhere to each other, to which condition is given 
the name “zoogloea.” This is especially characteristic of the nitri¬ 
fying bacteria. 

C 3 rtoplasm.—Chemical analysis of the cytoplasm of the bacteria 
cell shows it to be richer in nitrogen and phosphorus than are the 
cells of higher plants. Moreover, on being stained the cytoplasm 
appears as a homogeneous mass filling the whole cell, thus making 
it certain that bacteria do not possess a nucleus in the ordinarily 
accepted sense of the term. But the fact that the organisms stain 
so readily with the ordinary nuclear stains has led some to believe 
that the organisms are made up mainly of nuclear material. This 
is the view held by Zettnow who has succeeded in staining some large 
spirilla in a living motile condition. Hence the idea held by the 
majority of workers at the present time is that the bacterial cell is 
composed of small quantities of cytoplasm in which is imbedded 
large quantities of fragmented, irregularly distributed chromatin. 

Metachromatic Granules.—Some bacteria contain various granules 
within the cell which stain differently from the substance of the cell 
body; these are known as '‘metachromatic” granules or "Babes- 
Ernst” granules, or because of their frequent position at the ends of 
bacilli as polar bodies. Microchemical examination has shown them 
to be composed of various substances: fat, sulphur granules, gly¬ 
cogen, lecithin, and protein-like compounds. 

Their fxmction has been variously interpreted. Some have com¬ 
pared them to the centrosomes of more highly specialized cells. 
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Others consider there to be a relationship between the richness of 
the cell in granules and its virulence. Hill, however, considers that, 
inasijiuch as nitrates increase the nitrogen assimilated by Azotohader 
and the number and size of the volutin bodies, they bear some 
relationship to the organisms’ power to fix nitrogen. Although it 



Fig. 12. —Successive stages in division of Bacillus diphtherice, showing relation of 
line of division to metachromatic granule. Continuous observation of living bacillus 
drawn without camera lucida. (Williams.) 


is quite possible that they may possess various functions in differ¬ 
ent organisms, the majority of them would seem to be, as suggested 
by Meyer, reserve food materials which, occur in the cytoplasm of 
the cells of various bacteria. They are most numerous in rapidly 
growing young cultures and usually disappear when the food becomes 
scarce. 

OE? ^ 9 / 

Fig. 13. —Types of bacterial spores. (Kendall.) 





Spores.-—Bacteria possess the power of mobilizing the vital parts 
of their body into a much smaller space than they occupy during 
their normal life. They exclude all of the excess moisture and sur¬ 
round themselves by a tough resistant coat. In some respects 
this form of the organism resembles the seed of the higher plant 
and we speak of it as a spore. While in this stage they will with¬ 
stand many conditions which would quickly prove fatal to growing 
bacteria. Some of them can withstand the temperature of boiling 
water for many hours, or they may survive treatment with strong 
carbolic acid. For the time being they have lost the power of mul¬ 
tiplying, but they are still alive and if they are brought into appro¬ 
priate surroundings they will change back into normal bacteria just 
as a kernel of wheat changes into the young plant when placed in 
moist soil. It is indeed fortunate for mankind that but few of the 
disease-producing organisms form spores. There are, however, 
many of the bacteria which cause fruit, meat, and various other 
food products to spoil, which do form very resistant spores and this 
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is why many food products have to be heated for such a long time, 
or to such a high temperature to keep them. 

The manner of formation of spores within the body of the organ¬ 
ism is characteristic. They develop within the cell body and hence 
are called endospores.” They are formed by the bacilli and spirilla, 
but not by the cocci. The beginning of spore formation is marked 
by a granulation of the cell contents. As the process proceeds the 
granules become larger and eventually fuse and collect at one por¬ 
tion of the cell which is then surrounded by a spore wall. The spore 
may be either smaller or larger than the mother cell. In the latter 
case there is a bulging of the mother cell. The spore may be ecjva- 
torial, polar, or intermediate within the cell depending on its position. 
When situated equatorially and larger than the mother cell it gives 
to it a boat-shape appearance (dostridia). If situated at the pole 
and large, we have the capitate or drumstick appearance. When 
bacteria are found in chains and spores form in the end, there is a 
tendency for them to occur in adjacent ends of contiguous cells. 
A cell usually forms only one spore; hence, this cannot be considered 
a process of reproduction. 

When the spores are brought under favorable conditions of food 
supply, temperature, and moisture they germinate. The process 
differs according to species. In some species the spore ruptures at 
the pole and the young cell emerges in such a way that its long axis 
is in the same direction as the long axis of the spore, thus leaving 
the spore membrane still visil)le at one of the poles. In other species 
the spore germinates equatorially and the .^'oung cell emerges with 
its long axis at right angles to the long axis of the spore. In still 
other species there is no rupturing of the spore, but germination 
occurs by a gradual elongation and absorption of the spore. 

Longevity of Bacteria.—Due to their method of multiplication 
there is no such condition as old age among bacteria since both 
daughter cells are similar in age and composition. It is well known 
that while in the spore condition many organisms can survive for 
over two decades. Both the spore-forming and non-spore-forming 
organisms have been obtained from soil which had been kept in 
bottles in an air dry condition for more than fifty years. Recently 
Sarcina In tea and other well-known air organisms have been obtained 
from a Mastodon uncovered by the recession of the ice in Siberia. 
This animal must have been covered for hundreds of years. This 
would, therefore, seem to indicate that the longevity of bacteria 
may be extremely great. 
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CLASSIFICATION OF BACTERIA. 

The difficulties inherent in the classification of bacteria are 
numerous and, due to the small simple structure of the organism, 
cannot be worked out on a purely morphological basis as is the 
case with the higher plant. Moreover, physiological characteristics, 
such as pigment production which at first sight may appear useful 
are not constant. Even morphology of bacteria was not considered 
constant until 1872 at w^hich date Cohn established upon mor¬ 
phological bases a classification which with minor changes has been 
retained until the present. Bacteria play a part in many fields of 
activity, and hence the criteria whereby they are recognized vary 
greatly according to the art or science in which they are studied. 
This has led to considerable confusion in classification and nomen¬ 
clature as is so admirably pointed out by Jordan. 

'"The present nomenclature of bacteriology may be criticized 
on two grounds: first, as already pointed out, for the unwieldy 
size that certain 'genera' have been allowed to assume; and second, 
for the haphazard way in which trinomial and even quadrinomial 
names have been bestowed. Such names can be properly employed 
only with reference to subspecies or varieties; and designations, like 
B. coli communis, Qranulohacillus saccharobutryicus mohilis non- 
liquefaciens and Micrococcus acidi 'paralactici liquejaciens Halensi, 
are both cumbersome and unscientific. The use of a single genus 
name for a multitude of organisms is in fact responsible for the 
tendency toward trinomial nomenclature, and the remedy for both 
conditions would seem to lie in the abandonment of such a term as- 
Bacillus for the name of a genus and the frank establishment of 
new genera on the basis of physiological characters, such, for example 
as distinguish the colon-typhoid group or the diphtheria group of 
bacilli. Until some such reform in nomenclature is brought about 
the names used to designate different kinds of bacteria will fail to 
make clear the group relationships which undoubtedly exist, and 
will continue to be a stumbling block to all students of the subject." 

The classification most commonly accepted at the present day 
is that formulated by Migula. This, with certain modifications, is 
given below. 

Bacteria, Schizomycetes, fission fungi (chlorophyll-free), cell divi¬ 
sion in one, two or three planes; many varieties possess the power 
of forming endospores. Whenever motility is present, it is due to 
flagella, or more rarely to undulating membranes. 
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Family l.—Coccacece —cells in free state spherical; division in one^, 
two or three planes; endospore formation rare. 

Genus l.—Strejptococcus—Q.^s divide in one plane only for which 
reason; if they remain connected after fission bead-like chains may 
be formed; no organs of locomotion. 

Genus 11.—Micrococcus {Staphylococcus)—ctHs divide in two 
planes, whereby, after fission, tetrad and grape-like clusters may be 
formed; no organs of locomotion. 

Genus III.—Sarcma—cells divide in three planes, whereby, after 
fission, bale-like packets are formed; no organs of locomotion. 

Genus ISf .—Planococcus—c^^ divide in two planes, as m Micro¬ 
coccus; possess flagella. 

Genus V.—Planosarcina—o,^^ divide in three planes, as in Sar- 
cina; posses flagella. 

Family ll.—Bacteriacece—c^s long or short; cylindrical, straight 
never spiral; division in one plane only, after preliminary elongation 
of the rods. 

Genus I.—iiacfermm—cells withoutflagella; often with endospores. 

Genus 11.—Bacillus— with peritrichal flagella; often with 
endospores. 

Genus UL—Pseudomonas— with polar flagella; endospores 
occur in a few species but are rare. 

Family 111.—Sjoirillacea—c^s spirally curved or representing 
a part of a spiral curve; division in one plane only, after elongation 
of cell. 

Genus 1.—Spirosoma—cells without organs of locomotion; rigid. 

Genus 11.—Microspira—cells rigid, with one or more rarely, two 
or three polar undulated flagella. 

Genus III.—cells rigid, with polar tufts of five to 
twenty flagella usually curved in semicircular or flat undulating 
curves. 

Genus TV. —SfArockoBta—cells sinously flexible; organs of loco¬ 
motion unknown, perhaps a marginal undulating membrane. 

Family TV.—Chlamydobacteriaceoc—Forms of varying stages of 
evolution, all possessing a rigid sheath, which surrounds the cells; 
cells united in branched or unbranched threads. 

Genus I.—cells united in simple, unbranched threads; 
division in one plane only; reproduction by non-motile conidia. 

Genus 11.—Cladothrix—cells united or pseudodichotomously 
branching threads; division in one plane only; vegetative multipli¬ 
cation by separation of entire branches; reproduction by swarming 
forms with polar flagella. 

Genus III.—6VmoifAn.r—cells united in unbranched threads; 
division at first in one plane only. Later the cells divide in all three 
planes; the daughter cells become rounded and develop into repro- 
ductive^^cells. 
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Genus IV, —Phragmidiothrix—cells at first united in unbranclied 
threads, dividing in three planes, thus forming a rope of cells; later 
some of the cells may penetrate through sheath and thus give rise 
to branches. 

Pamily V,—Beggisatoacea—cells united in sheathless threads; 
division in one direction of space only; motility by undulating mem¬ 
brane as in Oseillaria. 

Genus L—r/uo^/im’—unbranched, non-motile threads, inclosed 
in fine sheaths; division of cells in one plane only; cells contain 
sulphur granules. 

Genus U.—Beggiatoa—cells with sulphur granules. 

The difficulties inherent in this classification and especially the 
needs of reform to the agricultural bacteriologist are seen from the 
following: 

^‘Many workers in medical bacteriology and in other special 
fields of applied microbiology, who deal with only a few well- 
recognized species, may perhaps feel no need for any change in 
current practice. Few can deny, however, that it is a serious 
inconvenience for such names as B. welchii, B. s^progenesj B, 
fringens to be used by various workers, sometimes for the same, 
sometimes for different organisms, or for the same form to be 
described as Bacterium, lactis aerogenes or Streptococcus lacticus 
when it is isolated from milk and as Streptococcus salimrius or 
Sir, fecalis when it is isolated from the human mouth or intestine.’' 

^'When one passes from a study of the practical effects of the 
activity of some particular microbe to a consideration of its relation¬ 
ship to other forms it becomes essential not only to have a name 
for each kind of organism but to have also a system of nomenclature 
which will make it possible to express such relationship with reason¬ 
able clearness and accuracy. 

''This need is met by the Linnaean system of classification uni¬ 
versally adopted by all biologists outside our own limited and sys¬ 
tematically undeveloped fields. According to this Linnaean system 
each recognizable kind of plant or animal receives a binomial 
Latinized name, the first half designating the genus or group to 
which it belongs and the second half the particular kind or species 
to which the name applies. The genera in turn are grouped in 
tribes, the tribes in families, the families in orders, and the orders in 
classes. These divisions will often be artificial and often of greatly 
unequal size and importance in different groups. They make it 
possible, however, to express in a simple manner the essential facts 
of biological relationship—the fact that A, B, and C are more 
nearly related to each other than are any of them to D, E, and F; 
and that the series A-F exhibits common relationships closer than 
any similaritieis which its members bear to G or H. 

"If such a system is accepted it is in the next place important to 
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make sure that each group, from species to class, shall bear a single 
universal name. The name need not be appropriate; it need only 
be stable. It is an arbitrary label, not a description. If the door 
be once opened to criticism on the ground of inappropriateness, 
stability must disappear. 

'' It is in order to ensure uniformity and stability of nomenclature 
that the International Codes referred to have been formulated; and 
it is to the International Rules of Botanical Nomenclature (1910) 
that we, as bacteriologists, should naturally turn for guidance. 

''Leaving out a great many minor rules and recommendations, 
the most important of the rules which would affect bacteriological 
practice may be cited as follows: 

Chapter I, Article 7.—"Scientific names are in Latin for-* all 
groups.” 

Chapter II, Article 10.—"Every individual plant belongs to a 
species (species), every species to a genus (genus), every genus to 
a family (familia), every family to an order (ordo), every order to a 
class (classis), every class to a division (divisio)” 

Chapter III, Section 1, Article 15.—"Each natural group of 
plants can bear in science only one valid designation, namely, the 
oldest, provided that it is in conformity with the rules of Nomen¬ 
clature and the conditions laid down in Articles 19 and 20 of 
Section 2.” 

Chapter III, Section 2, Record iii.—"Orders are designated 
preferably by the name of one of the principal families, with the 
ending ales.” 

Chapter III, Section 3, Article 21.—"Families (familuje) are 
designated by the name of one of their genera or ancient generic 
names, with the ending acece” 

Chapter III, Section 3, Article 23.—"Names of subfamilies 
(suhfamilice) are taken from the name of one of the genera in the 
group, with the ending oidece. The same holds for the tribes 
(tribus) with the ending eoe and for the subtribes (suhtribus) with the 
ending ince.” 

Chapter III, Section 3, Article 24.—"Genera receive names 
(substantive adjectives used as substantives) in the regular singular 
number and written with a capital letter which may be compared 
with our own family names. These names may be taken from any 
source whatever and may even be composed in an absolutely 
arbitrary manner.'' 

Chapter III, Section 3, Article 26.—"All species, even those that 
singly constitute a genus, are designated by the name of the genus to 
which they belong, followed by a name (or epithet) termed specific, 
usually of the nature of an adjective (forming a combination of two 
names, a binomial or binary name).'' 

Chapter III, Section 3, Article 26, Record viii.—"The specific 
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name should in general give some indication of the appearance, the 
characters, the origin, the history or the properties of the species. 
If taken from the name of a person it usually recalls the name of the 
one who discovered or described it, or was in some way concerned 
with it. 

Chapter III, Section 3, Record x.—‘'Specific names begin with a 
small letter except those which are taken from names of persons 
(substantives or adjectives) or those which are taken from generic 
names (substantives or adjectives).’’ 

The classification suggested by the Committee of the Society 
of American Bacteriologists has many points of merit to the agri¬ 
cultural bacteriologist. The classification in brief is as follows: 

THE CLASS SCHIZOMYCETES. 

Minute, one-celled chlorophyll-free, colorless, rarely violet-red or 
green-colored plants, which typically multiply by dividing in one, 
two, or three dmections of space. The cells thus formed are usually 
spherical, cylindrical, comma-shaped, spiral, or filamentous and are 
often united into fillamentous, flat, or cubical aggregates. Filament¬ 
ous species often surrounded by a common sheath. The cell plasma 
generally homogeneous without a morphologically differentiated 
nucleus. Reproduction by simple fission. In many species resting 
bodies are produced, either endospores or gonidia. Cells may be 
motile by means of flagella. 

A. Order Myxohacteriales.—Cells united during the vegetative 
stage into a pseudoplasmodium which passes over into a highly- 
developed cyst-producing resting stage. 

B. Order Thiobacteriales.—Cells free or united in elongated fila¬ 
ments. Typically water forms, not cultivable on ordinary media. 
Life energy derived mainly from oxidative processes. Cells typi¬ 
cally containing either granules of free sulfur or bacteriopurpurin 
or both, usually growing best in the presence of hydrogen sulphid. 

C. Order CMamydobacteriales.~Cells normally united in elongated 
filaments, often showing false but never true branching. Typically 
water forms. Sulphur and bacteriopurpurin are absent. Iron often 
present and usually a well-marked sheath. 

D. Order Actinomycetales.—Cells usually elongated, frequently 
filamentous and with a decided tendency to the development of 
branches, in some genera giving rise to the formation of a definite 
branched mycelium. Cells frequently show swellings, clubbed, or 
irregular shapes. No pseudoplasmodium. No deposits of free sul¬ 
phur or iron. No bacteriopurpurin. Endospores not produced, but 
conidia developed in some genera. Usually Gram-positive. Is^on- 
motile. Some species are parasitic in animals or plants. Not 
w^ter foTO^, Complex profeips frequently required. As u rule 
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strongly aerobic (except for some species of Actinomyces and the 
genera Fusiformis and Leptotrichia) and oxidative. Growth on 
culture media often slow; some genera show mold-like colonies. 

Family l,-~~-ActinomyGetace(B-—Yilsimeiitomforms often branched 
and sometimes forming mycelia. Conidia sometimes present. 
Some species parasitic. 

Genus l,—Acimobacilhis.-—YilsimeiitfoYmation, resembling strep- 
tobacilli. In lesions no mycelium formed, but at peripheries finger- 
shaped branched cells are visible. Gram-negative. Not acid-fast. 
Type species, Act Lignieresi. 

Genus 2.—Leptotrichia.—Thick, long, straight or curved threads, 
imbranched, frequently clubbed at one end and tapering to the other. 
Gram-positive when young. Threads fragment into short, thick 
rods. Anaerobic or facultative. Non-motile. Filaments sometimes 
granular. No aerial hyphae or conidia. Parasites or facultative 
parasites. Type species, Lep> huccalis. 

Genus S.—Actinomyces.—Orgsuoism growing in form of a much- 
branched mycelium which may break up into segments that func¬ 
tion as conidia. Sometimes parasitic, with clubbed ends of radiating 
threads conspicuous in lesions in animal body. Some species are 
micro-aerophilic or anaerobic. Non-motile. Type species. Act. 
horns Flarz. 

Genus 4. Rod-shaped organisms with a ten¬ 

dency to the formation of long filaments which may show branching. 
The filaments may also thicken and show characteristic granules. 
No spores. Non-motile. Gram-positive. Do not produce acid. 
Micro-aerophilic. Usually parasitic. Type species. Bacillus 
rhusiopathicB svis Ivitt 1893; Mycohactermm rhusiopatkioe Chester 
1901; Erysipelothrix porci Rosenbach 1909, the causal organism of 
swine erysipelas. 

Family ll.—Mycohacteriaceoe.—TtxrdiAFiQ forms. Rod-shaped, 
frequently irregular in form but rarely filamentous and with only 
slight and occasional branching. Often stain unevenly (showing 
variations in staining reaction within the cell). No conidia. 

Genus l.—Mycobactermm.—Yieiii&ex rods which are stained with 
difficulty, but when once stained are acid-fast. Cells sometimes 
show swollen, clavate, or cuneate forms, and occasionally even- 
branched cells. Non-motile. Gram-positive, No endospores. 
Growth on media slow. Aerobic. Several species pathogenic to 
animals. Type species, Mycohacterium tuherculosis. 

Genus 2.—Cory7iebacterknn.-~Slenderj often slightly curved, rods 
with tendency to club and pointed forms, l)ranching cells reported 
in old cultures. Barred uneven staining. Not acid-fast. Gram¬ 
positive. Non-motile. Aerobic. No endospores. Some pathogenic 
species produce a powerful exotoxin. Characteristic snapping 
motion is exhibited when cells divide. Type species, Cornynebac- 
terium diphtherioe. 
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Genus 3.—Obligate parasites. Anaerobic or micro- 
aeropbilic. Cells frequently elongate and fusiform^ staining some¬ 
what unevenly. Pilaments sometimes formed; non-brancbing. 
Non-motile. No spores. Growth in laboratory media feeble. 
Type specieSj Fusiformis termtidis Heelling. 

Genus Non-motile rods, slender, Gram-nega¬ 

tive, stain poorly, sometimes forming threads and showing a ten¬ 
dency toward branching. Gelatin may be slowly liquefied. Do 
not ferment carbohydrates. Growth on potato characteristically 
honey-like. Type species, Pfeifferella malhL 

E. Order Eubacteriales.—The order Evbacteriales includes the 
forms usually termed the true bacteria, that is, those forms which 
are considered least differentiated and least specialized. The cell 
metabolism is not primarily bound up with hydrogen sulphid or 
other sulphur compounds, the cells in consequence containing neither 
sulphur granules nor bacteriopurpurin. The cells apparently do not 
possess a well-organized or well-differentiated nucleus. These 
organisms are usually minute and spherical, rod-shaped or spiral, 
in most genera not producing true filaments, and rarely branching. 
The cells may occur singly, in chains, or other groupings. They 
may be motile by means of flagella, or non-motile, but they are never 
notally flexuous. Cell multiplication occurs always by transverse, 
never by longitudinal, fission. Some genera produce endospores, 
particularly the rod-shaped types. Conidia are not observed. 
Chlorophyll is absent, though the cells may be pigmented. The 
cells naay be united into gelatinous masses, but they never form 
motile pseudoplasmodia nor develop a highly specialized cyst- 
producing fruiting stage, such as is characteristic of the Mifxo- 
bacteriales, 

Eamily 1 .“iVitrobaci^^nacecp.—Organisms usually rod-shaped 
(sometimes nearly spherical in Nitrosomonas and possibly in Azoto- 
bacter). Cells motile or non-motile. Branched involution forms in 
Rhizobium and Acetohacter. Endospores never formed. Obligate 
aerobes, capable of securing growth energy by the direct oxidation 
of carbon, hydrogen, or nitrogen, or of simple compounds of these. 
Non-parasitic (except in Genus usually water or earth 

forms. 

Tribe 1.—Organisms deriving their life energy 
from oxidation of simple compounds of carbon and nitrogen (or of 
alcohol). 

Genus l--"HydTogereomona^.~MorLOtnchic short rods capable of 
growing in the absence of organic matter and securing growth energy 
by the oxidation of hydrogen (forming water). Kaserer (1905) who 
first described the organism states that his species will also grow well 
on a variety of organic substances. Type species, Hydrogenomonas 
'panMropha (Kaserer 1906) Orla-Jensen. Nikleusld (1910) described 
two ad<fitional species, H, vifrea and E.flava. 
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Genus 2.--AIethanow 071 as.—-Woiiotxichie short rods capable of 
growinii: in tho absence of organic matter and securing growth 
energy l)y the oxidation of methane (forming carlx>n dioxid and 
VYatcr). Type species, MetJi. metlainca. 

Genus 3.—Gar6oa’2/tZo???07?cr5.“Autotrophic rod-shaped cells cap¬ 
able of securing' growth energy by the oxidation of carbon moiioxid 
(forming carbon dioxid). Type species, Garb, oligocarbophila 
(Beijerinck and van Delden (1903) Orla-Jensen is described as non- 
motile. 

Genus 4.— Acetobacter.—Cells rod-shaped, frequently in chains, 
non-motile. Cells grow usually on the surface of alcoholic solutions 
as obligate atTobes, securing growth energy by the oxidation of 
alcohol to acetic acid. Also capable of utilizing certain other carbo¬ 
naceous compounds, as sugar and acetic acid. Elongated, filament¬ 
ous, club-shaped, swollen, and even-branched cells may occur as 
involution forms. Type species, Ace. aceti 

Genus 5.— NitrosoMonas.—Cells rod-shaped or spherical, motile, 
or non-motile, if motile with polar flagella. Capable of securing 
growth energy by the oxidation of ammonia to nitrites. Growth on 
media containing organic substances scanty or absent. Type species, 
Nitre, europcea Winogradsky. 

Genus Q,—Nitrobactev.—Celh rod-shaped, non-motile, not grow¬ 
ing readily on organic media or in the presence of ammonia. Cells 
capable of securing growth energy by the oxidation of nitrites to 
nitrates. Type species, Nitro. Winogradskyi. 

Tribe 2 .—Azotobactere(B (Nitrogen-fixing organisms). 

Genus 7.-~A2:oto&(XCif^r.—Relatively large rods, or even cocci, 
sometimes almost yeast-like in appearance, dependent primarily 
for growth energy upon the oxidation of carbohydrates. Motile or 
non-motile; when motile, with tuft of polar flagella. Obligate 
aerobes usually growing in a film upon the surface of the culture 
medium. Capable of fixing atmospheric nitrogen when grown in 
solutions containing carbohydrates and deficient in combined nitro¬ 
gen: Type species, Azotobacter chroococcuni Beijerinck. 

Genus 8.— Rhizohnm.—'Minxiie rods, motile when young. Invo¬ 
lution forms abundant and characteristic when grown under suitable 
conditions. Obligate aerobes, capable of fixing atmospheric nitrogen 
when grown in the presence of .carbohydrates in the absence of 
compounds of nitrogen. Produce nodules upon the roots of legu¬ 
minous plants. Type species, R. legnminosarmi Frank. 

Fi^MiLV II. ““ P^<3W(7o???.onad€i)ce<r.-~Rod-shaped, short, usually 
motile by means of polar flagella or rarely non-motile. Aerobic and 
facultative. Frequently gelatin liquefiers and active ammonifiers. 
No endospores. Gram stain variable though usually negative. 
Fermentation of carbohydrates as a rule not active. Frequently 
produces a water-soluble pigment which diffuses through the medium 
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as green, blue, purple, bro.wn, etc. In some cases a iioii-diifusible 
yellow pigment is formed. Many yellow species are x)lant parasites. 

Genus Characters, those of family. Type 

species, Fs. aemgmosa (Schroeter) Frost? 

Fajmily lU.—SinriUaaeoe.—Ctlh elongate, more or less sxoirally 
curved. Cell division always transverse, never longitudinal. Cells 
non-flexuous.. Usually without endospores. As a rule motile by 
means of polar flagella, sometimes non-motile. Typically water 
forms, though some species are intestinal parasites. 

Genus 1.— Vibrio .—Cells short bent rods, rigid, single, or united 
into spirals. Motile by means of a single (rarely two or three) polar 
flagellum which is usually relatively short. Many species liquefy 
gelatin and are active ammonifiers. Aerobic and anaerobic. No 
endospores. Usually Gram-negative. Water forms, a few parasites. 
Type species, F. comma (Koch 1884) Schroeter 1886. 

Genus 2.—Cells, rigid rods of various thicknesses, 
length, and pitch of the spiral, forming either long screws or portions 
of a turn. Usually motile by means of a tuft of polar flagella (5 
to 20) which are mostly half circular, rarely wavy-bent. These 
flagella occur on one or both poles; their number varies greatly and 
diflicult to determine; since in stained preparations several are 
often united into a common strand. Endospore formation has been 
reported in some species. Habitat: w^ater or ’putrid infusions. Type 
species, S. aindula (Mueller 1786) Ehrenberg. 

Family IV.— Coccacea.—Ce\h in their free conditions, spherical; 
during division somewhat elliptical. Division in one, two, or three 
planes. If the cells remain in contact after division they are fre¬ 
quently flattened in the plane of division and form chains, packets, 
or irregular masses. Motility rare- Endospores absent. Metab¬ 
olism complex, usually involving the utilization of amino-acids 
or carbohydrates. Pigment often produced. 

Tribe A.——Strict parasites, failing to grow or growing 
very poorly on artificial media. Cells normally in pairs. Gram¬ 
negative. Growth fairly abundant on serum media. 

Genus l.—iVemeria.—Characters, those of tribe. Type species, 
A. gonorrhoea Trevisan. 

Tribe B.——Parasites (thriving only or best on 
or in the animal body) except genus Leuconosioc. Grow well under 
anaerobic conditions- Many forms grow with difficulty on serum- 
free media, none very abundantly. Planes of fission usually parallel 
producing pairs, or short, or long chains, never packets. Generally 
stain by Gram. Produce acid but no gas in glucose and generally in 
lactose broth. Pigment, if any, white or orange. 

Genus 2.— D^pZococm^^.—Parasites, growing poorly, or not at all, 
on artificial media. Cells usually in pairs of somewhat elongated 
cells, often capsulated, sometimes in chains. Gram-positive. Per- 
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iiientative powers most strains forming acid in glucose, lactose, 
sucrose, and inulin. Type species, J). pmimonup Weichselbaum. 

Genus 3.Saprophytes usually growing in cane 
sugar solutions. Cells in cdiains or pairs united in large zoogleal 
masses. Some types at least Gram-negative. Type species i. 
mesenteroide^ (Cienkowski) yanTieghem. 

Genus 4.—Chiefly parasites. Cells normally in 
short or long chains (under: unfavorable conditions sometimes in 
pairs and small groups, never in large packets). Generally stain by 
Gram. Capsules rarely present, no zoogleal masses. On agar 
streak, effused translucent growth often with isolated colonies. In 
stab culture little surface growth. Many sugars fermented with 
formation of large amount of acid, but inulin is rarely attacked. 
Generally fail to liquefy gelatin or reduce nitrates. Type species, 
5’. 'pyoijenes lloseiibach. 

Genus 5.—Parasites. Cells in groups and short 
chains, very rarely in packets. Generally stain by Gram. On agar 
streak good growth, of white or orange color. Glucose, maltose, 
sucrose, and often lactose, fermented with formation of moderate 
amount of acid. Gelatin often liquefied very actively. Type species, 
S. aureus Rosenbach. 

Tribe C.-~M icrococc/ue.—J^s^cxiltixtixe parasites or saprophy^tes. 
Thrive best under aerobic conditions. Grow well on artificial media, 
producing abundant surface growths. Planes of fission often at 
right angles; cell aggregates in groups, packets, or zorigleal masses. 
Generally decolorize by' Gram. Pigment yellow or reel. 

Genus (i.—dftcmcocc7M*.“Pacultative parasites or saprophytes. 
Cells in plates or irregular masses (never in long chains or packets). 
Generall.y decolorize by" Gram. (Growth on agar abundant, with 
formation of .yellow pigment. Glucose broth slightly acid, lactose 
broth generally neutral Gelatin freciuently licpiefied, but not 
rapidly". Type species, M. hieiis (Schroeter) 1872b, Cohn. 

(Jenus 7.—Sarcina.—SorTcma differs from Micrococcus solely in 
the fact that cell division occurs under favorable conditions in three 
planes, forming regular packets. Type species, Sarema veniriculi 
Goodsir. 

Genus 8. — jR/zoc/ococcus*.—Saprophy-tes, Cells in groups or regular 
packets. Generally decolorize by Gram. Growth on agar abundant 
with formation of red pigment. Glucose broth slightly acid, lactose 
broth neutral. Gelatin rarely liquefied. Nitrates generally reduced. 
Type species, 11. rhodocfmms Zopf. 

Family -“Rod-shaped cells without endospores. 

Usually Gram-negative. Flagella when present peritrichic. Metab¬ 
olism complex:, amino-acids being utilized and generally carbo- 
hy^drates. 
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Tribe h—ChroTnobactera.'-VfSitev bacteria producing a red or 
violet pigment. 

Genus l.—Eryt]irola(nlhis.---Sm?Ll\ aerobic bacteria, producing a 
red or pink pigment, usually a lipocbrome. Gram stain variable. 
It is possible that related yellow and orange chromogens should be 
included here as well. Type species, E. 'prodigiosus (Ehreiiberg). 

Genus 2.— Chromobacterium.—MYohic bacteria, producing a violet 
chromoparous pigment, soluble in alcohol but not in chloroform. 
Motility and Gram reaction variable. Type species, Chr. nolacuu 
Bergonzini. 

Tribe 2.—iJrmTiecp.—Plant pathogens. Growth usually whitish, 
often slimy. Indol generally not produced. Acid usually formed in 
certain carbohydrate media, but as a rule no gas. 

Genus S.—Erwinia, —Characters those of the tribe. Type species, 
£. anylovora. 

Tribe 3.Gram-positive rods, growing freely on arti¬ 
ficial media. Not attacking carbohydrates. 

Genus 4,—Zopfius.—'Long rods occurring in evenly curved chains. 
Gram-positive, Motile. Proteus-like growth on media. Paculta- 
tive anaerobes. Carbohydrates and gelatin not attacked, hydrogen 
sulphid not formed. Type species, Z. zopfi (Kurth) Wenner and 
Rettger. 

Tribe 4.—Gram-negative rods growing freely on 
artificial media. Generally forming acid from carbohydrates and 
often gas composed of CO 2 and Ih. 

Genus b.Proteus.—Lighlj pleomorphic rods, filaments and 
curved cells being common as involution forms. Gram-negative. 
Actively motile. Characteristic ameboid colonies on moist media. 
Liquefy gelatin rapidly and produce vigorous decomposition of 
proteins. Perment glucose and sucrose (hut usually not lactose) 
with formation of acid and gas (the latter being CO 2 only). Type 
species, P. milgaris Hauser. 

Genus 6.—Bac^rmm.—Gram-negative, evenly staining rods. 
Often motile, with peritrichic flagella. Easily cultivable, forming 
grape-vine leaf or convex whitish surface colonies. Liquefy gelatin 
rarely. All forms except B. akaligenes and the P. abortus group 
attack the hexoses and most species ferment a large series of carbo¬ 
hydrates. Acid formed by all, gas (CO 2 and H 2 ) only by one series. 
Typically intestinal parasites of-man and the higher animals although 
several species may occur on plants, and one (P. aerogenes) is widely 
distributed in nature. Many species pathogenic. Type species, 
P. coli Escherich. 

Tribe 5.—laciohacillea.—'Rois often long and slender, Gram¬ 
positive, non-motile, without endospores. Usually produce acid 
from carbohydrates, as a rule lactic. When gas is formed it is CO 2 
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without H 2 . The organisms are usually somewhat thermophilic 
As a rule micro-aerophilic; surface growth on media poor. 

Genus 7Lactobacillus,—Generic characters those of the tribe 
Type species, L. caucasicus (Kern?) Beijerinck. 

Tribe G.—Pasteiirelleoe.—Gi'wi-negiitxve rods, showing bipolar 
staining. Parasitic forms of slight fermentative power. 

Genus 8.—Aerobic and facultative. Powers of car¬ 
bohydrate fermentation slight; no gas produced. Gelatin not 
liquefied. Parasitic, frequently pathogenic, producing plague in 
man and hemorrhagic septicemia in the lower animals. T\^e 
species, P. cholerse-gallinarum (Flugge) 1886 Trevisan. 

Tribe 7,—Hemophilce(E.—Minute parasitic forms growing only in 
presence of hemoglobin, ascitic fluid or other body fluids. 

Genus 9.—Hemophilus.—Minute rod-shaped cells, sometimes 
thread forming and pleomorphic, non-motile, without spores", strict 
parasites, growing best (or only) in presence of hemoglobin, and in 
general requiring blood serum or ascitic fluid. Gram-negati^^e. 
Type species //. influenzae (Pfeifl:er 1893). 

Family Yll.— Bacillaceae.—Rods producing endospores, usually 
Gram-positive. Flagella when present peritrichic. Often decom¬ 
pose protein media actively through agency of enzymes. 

Genus 1 .—Bacillus.—Aerobic forms. Mostly saprophytes. 
Liquefy gelatin. Often occur in long threads and form rhizoid 
colonies. Form of rod usually not greatly changed at sporulatioii. 
Type species, B. suhtilis Cohn. 

Genus 2.—Anaerobes or micro-aerophiles. Often 
parasitic. Rods frequently enlarged at sporulation, producing 
Clostridium or pleotridium forms. Type species, C. buiyriciian 
Prazmowski. 



CHAPTER V. 


COMPOSITION OF BACTERIA. 

The elementary composition of bacteria is the same as that 
of the higher plants. This is also true concerning the main chem¬ 
ical constituents composing their body. But the proportions of 
these latter at times vary quite widely. Moreover, some micro¬ 
organisms contain constituents not found in higher plants. 

Elementary Composition.—Bacteria on analysis yield carbon, hy¬ 
drogen, oxygen, nitrogen, potassium, phosphorus, sulphur, calcium, 
magnesium, iron, aluminum and manganese. As to whether the 
last two are essential to normal development is not certain. In 
some species they are known to be non-essential, whereas in others, 
for instance the AzotohacteTj they seem to play an important part. 

Moisture.—Moisture is essential for all plant and animal life and 
is always abundant in actively growing cells; hence, we expect, 
and do actually find, large quantities of water in bacteria. The 
quantity present in the actively growing cell varies from as low as 
70 per cent, to as high as 90 per cent. Generally speaking, young 
cultures contain less moisture than do older cultures; this appears 
to be true until the spore stage is reached, after which the quantity 
of water greatly decreases. The temperature at which the cultures 
are grown also governs in a measure the quantity of water present, 
this being less when grown at 37° C. than when grown at 20*^ C. 
The cultural media undoubtedly play a great part in determining 
the moisture content of the cells. It is probably rather low in 
bacteria obtained from alkali soil or from saline waters. 

Organic Constituents.—The bacterial cell contains carbohydrate¬ 
like bodies, proteins, extractives (fats, fatty acids, waxes and 
lipoids), and enzymes. In addition to these some bacteria also 
contain pigments, toxins and possibly ptomains. The quantity 
and quality of each, especially of the last four, vary greatly with 
the class of organisms and the conditions under which they are 
grown. 

Carbohydrates are really conspicuous by their absence in most 
bacterial cells, but the following members of the carbohydrate 
group have been recogniz;ed in varying quaintities in some bacteria: 
cellulose, beiaicellulose, dextrin, starch, glycogen and a number of 
the sugars. 

Extraetiws, although found to a limited extent inwall microorgan¬ 
isms, are found in larger quantities in the tubercle bacillus and other 
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iiieiiibers of the acid-fast group. In some members of this group 
the extractives vary from 2(5 to 40 per cent, of the total dry residue. 
In the early studies of the chemistry of bacterial cells it was assumed 
that the alcoholic and ethereal extracts consisted of fats exclusively. 
Tribxityrin, tripalniatiii, tristeariii, triolein, lecithin and various 
\raxes have been recognized. 

Klebs found in the tubercle bacillus 20.5 per cent, of a red fat 
melting at 42° and 1.14 per cent, of a white fat melting above 50°, 
the latter being insoluble in ether but soluble in benzol. De Schwei- 
nitz and Dorset concluded that the fat of the tubercle bacillus con¬ 
tains palmitic and arachidic acids, while that of the glanders bacillus 
contains oleic and jmlinitic. They also obtained a crystalline acid, 
for which they suggested the name tuberciilinic acid. This is quite 
different from Ruppel’s nucleic acid. It had an elementary com¬ 
position of C 7 H 10 O 4 . The authors called attention to the similarity 
in composition and properties of this body and tetraconic acid. 
They suggest that it may be the substance which is responsible 
for the coagulating necrosis and reduction in temperature. 

Kresslig extracted tubercle bacilli successfully with ether, chloro¬ 
form, benzol and alcohol, and obtained 38.05 per cent, of fatty and 
waxy substances. Repeated extraction with chloroform gave a 
dark brown mass of the coiisisteiicy and color of beeswax and melting 
at 4(5°. He found 14.38 per cent, of free fatty acid, 77.25 per cent, 
of neutral fat and esters of fatty acids, and some volatile fatty 
acid, probably butyric. He concluded that the fat of the tubercle 
bacillus is quite different from that obtained from any other source. 

■ The fats and waxes are probably both iiitra- and extracellular, 
for extraction of the intact cell yields some and the crushed cell 
yields still more. The quantity found within the cell varies greatly, 
depending on the media upon which the organism is grown. Meyer 
found that the fat in Badlhis tmnescens gradually increases until 
spore formation occurs, when it disappears; the spores are also free 
from fat. This, however, is not general for the spores of some 
organisms contain proportionally more fat than do the v^egetative 
forms. 

INoteini!.—The bulk of the dry matter of the bacterial cell is com¬ 
posed of proteins. The following analysis reported by Ruppel 
indicates the composition of the tubercle cell: 


Nucleic (tuberculiiiie acid).8.5 per cent. 

Nucleojjrotanain.25.5 

Nucleoproteid.23.0 

Albuminoids ..8.3 

Fat and wax.•. 2G.5 

Ash.9.2 


The wonderful synthetic reaction catalyzed by the AzoiohacAer cell 
has directed the attention of workers to this specific organism. 
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Therefore, our knowledge of the composition of this organism is 
probably more nearly complete than it is o£ many other species. 

Berthelot early recognized that the nitrogen fixed by the Azoto- 
bacter is insoluble in water, thus indicating its protein nature. 
Lipman found there was a small but appreciable quantity of nitro¬ 
gen in both young and old cultures of A. melandii not precipi¬ 
tated by lead acetate and a large proportion not precipitated by 
phosphotungstic or tannic acid. Further work indicated that the 
substance was either amino-acids or comparatively simple peptids. 
He considered that one of the early substances synthesized by these 
organisms was alanin. An analysis of the Azotobacter membrane 
gave the following: 


ISTitrogen as ammonia.0.98 per cent. 

Basic nitrogen.2.76 

NTon-basic nitrogen.6.39 

N’itrogen in MgO-precipitate.0.42 “ 

Total nitrogen.10.45 “ 


This, he finds, corresponds remarkably closely to legumin. That 
it is complex is indicated by the fact that it is not readily assimilated 
by plants. 

Stoklasa found the Azotobacter cell to contain 10.2 per cent, of 
total nitrogen and 8.6 per cent, of ash. The ash was from 58 to 
62.35 per cent, phosphoric acid. The nitrogen and phosphorus 
were mainly in the forms of nucleoproteins and lecithin. The 
percentage of both nitrogen and phosphorus in the cell increases, 
with age. 

The most complete analysis of the Azotobacter cells, so far 
reported shows them to contain, when grown on dextrin agar and 
rapidly dried at 30° C., 12.92 per cent, of protein. The protein is 
si^ar to other plant proteins. It contains 10 per cent, of ammonia 
nitrogen, 26.5 per cent, of diamino-nitrogen, and 60 per cent, of 
naono-amino-nitrogen. It contains the amino-acids normally found 
iri proteins but the quantity of lysin present is high, whereas the 
histidin is present only in traces. 

An examination made by Nishimura of a pure culture of a water 
baciUus gave the following as the composition of the dry matter in 
the bacillus. 


Aibunuii 
Carboliydrates 
Alcohol extract 
Ether extract 
Ash . . . 

Lecithin . 
Xantiin . 
Guanin. . 
A-denia . 


63.50 per cent. 
12,2 
3.2 
5.10 
11.20 
0.68 
0.17 
0.14 
0.08 
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The organism is, therefore, extremely rich in protein, and, 
although the albumin predominates it is not free from nucleoprotein, 
as is seen from the presence of the purine bases, xanthin, guanin 
and adenin. 

Inorganic Constituents.—The ash-content of the bacterial cell is 
not far different qualitatively from that of the higher plants. 
Quantitatively, however, there is a marked difference, the ash- 
content of bacteria being comparatively high. The ash-content 
of the cell is subject to Avide variation, depending on the specific 
organisms and especially on the media upon which it is grown. 
This may be seen from the following results by Cramer who grew 
the Cholera nilrio on various media. 


, Composition of medium in 
which organisms were 
grown. 

1 per cent, soda 
bouillon (regular 
broth -j-1 Dcr cent. 
NaOH). 

Phosphate 
bouillon (regular 
broth +-1 percent, 
sod. phosphate). 

NaCI bouillon 
(regular broth -f 

3 per cent. NaCl). 

Ash-content of bacteria in dry sub¬ 
stance . 

9.30 

22.30 

25.90 

Ash-content of moist mass 

1.34 

2.75 

3.73 

Ash-content of medium ia moist 
mass. 

1.25 

2.50 

4.12 

Pliosphoric acid in bacterial ash . 

28.70 

34.80 

10.90 

Phosphoric acid in media ash . 

7.90 

39.80 

2.10 

Chlorin in bacterial ash 

1 16.90 i 

7.97 

40.70 

Chlorin in media ash .... 

I 28.00 i 

11.40 

49.20 


Analyses have been reported in which the phosphoric acid-con- 
tent reaches as high as one-lialf the total ash-content of the cell. 
It is quite probable that a great proportion of this is combined with 
the nucleic acid in the nucleoproteins. 

Variation in Composition of Different Parts of the Cell.—As has 
been pointed out, the bacterial cell is not homogeneous but is made 
up of fairly distinct parts, namely, ectoplasm, capsule and cyto¬ 
plasm and nuclear material. These constituents vary noticeably 
in their chemical composition. Although the ectoplasm at times 
contains in some species of bacteria small quantities of cellulose 
and hemicellulose, yet the predominating substance is chitin, a 
substance which may be considered as an intermediary compound 
between the carbohydrates and proteins. When pure, chitin yields 
over 80 per cent, of its weight as glucosamine. It yields first acetic 
acid and chitosan: 

CisH.'ioN-iOi? -H 2 H 2 O = 20HjC 00H H- Ci4moN‘>Oio 
Chitin. Acetic acid, Chitosan. 

Cliitosan on further hydrolysis yields acetic acid and glucosamine: 

CwHjtNaOio H- 2 H 2 O = CHsCOOE + 2CH20H(CH0H)iCHNHsCH0 
Chitosan. Acetic acid. Glycosarmne- 
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The cell membrane is, therefore, more nearly that of tlie animal 
than the plant. The brown color obtained on staining some 
bacteria with iodin has led observers to believe that they contain 
glycogen, whereas the blue color with the same reagent is attributed 
to starch. 

The capsules contain comparatively large quantities of mucin. 
These are protein-like substances which may be precipitated by 
alcohol. They give most of the protein reactions and, in addition, 
when heated with an acid, acquire the property of reducing Eehling’s 
solution, thus showing thenn to contain a carbohydrate complex in 
addition to the protein. 

The cytoplasm consists largely of bacterial proteins which appear 
to be specific in character for any given species. Within this are 
large quantities of the nucleoproteins, for on hydrolysis large 
quantities of the purine bases are obtained. Vaughan, Wheeler 
and Leach conclude that the bacterial cytoplasm contains carbo¬ 
hydrates, nuclein bodies, and polymers of mono- and di-amino-acids. 
They are glyconucleoproteins. Spores differ from the vegetative 
organism in that they contain but small quantities of water. 
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FOOD REQUIREMENTS. 

Food is any substance which bacteria can utilize in obtaining 
either building material or energy for the cell activity. The quan¬ 
tity and quality of food necessary vary widely with the different 
species. However, all foods must contain certain essential ele¬ 
ments. Our knowledge at the present time indicates these ele¬ 
ments to be carbon, hydrogen, oxygen, phosphorus, potassium, 
nitrogen, sulphur, calcium, iron and magnesium, or, using the key 
for remembering as suggested by Dr. Hopkins, we have C. Hopk’ns 
CaFe Mg - - - '‘C. Hoplkns Oafe - - mighty good.” 

Minimum Requirements.—In consideriug the food used by bacteria 
a minimum and a maximum requirement must be recognized. 
These two extremes differ greatly, for although the minimum quan¬ 
tities appear inconceivably small the maximuru ones are enormous. 
One may obtain a fair idea of the minimiiin requirements from the 
following calculation made by Rahn: ‘"'The quantity of organic 
and inorganic matter just sufhcient to support a very weak growth 
is certainly very small, since a few species will multiply to some 
extent in ordinary distilled water. Such water, after having stood 
for some time, is found to contain several thousand bacteria per 
cubic centimeter. It may seem to the laymen that in such water 
it would be possible to detect easily the organic and inorganic matter 
of the microorganisms so that it could not be considered distilled 
water. An estimate of the weight of bacteria demonstrates, how¬ 
ever, that this is not the case. If we suppose the average bacterial 
cell to be a cylinder whose base measures 1 square micron and 
whose height is 2 microns (which is a high estimate). The volume 
of such a cell would be 1 X 1 X 2 cubic microns = 0.001 X 0.001 
X 0.002 mm. = 0.000,000,002 cu.mm. The specific gravity of 
bacteria being very nearly one, the weight of one bacterium would 
be 0.000,000,002 mg. One hundred thousand cells per cubic centi¬ 
meter means 100,000,000 cells per liter, which would weight 0.2 
mg. Of this total weight, at least four-fifths is water and only one- 
fifth is solid matter. The total solid matter in 1 liter of water 
containing 100,0<j0 bacteria per cubic centimeter amounts to the 
immeasurable quantity of 0.04 mg. Such water will pass the test 
for distilled water. How much food the bacteria in distilled water 
b^ve is impossible to say, besides th^ traces of minerals 
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in the water, they obtain some food from volatile compounds of 
the air, like carbon monoxid (CO), carbon dioxid (CO 2 ), ammoniii 
(NH3), hydrogen (H) and perhaps methane (CH4). Under all 
circumstances the amount of food used is very small U 
Maximum Requirements.— The maximum quantity of food whicli 
may be decomposed by bacteria is often enormous. They quickly 
decompose the body of an ox after its death. Tons of material 
run into the septic tanks of large cities, all of which is rapidly 
decomposed by bacteria. It is, however, usually the case that tin* 
speed of the reaction is great at first, but soon slows up or cointin 
■to a complete stop. This is due to the fact that the accnmulatiori 
of end-products interferes with the growth of bacteria. This h 
true in milk where at first the lactose is rapidly changed to lactic* 
acid, which if not neutralized soon becomes concentrated enough 
to slow up the reaction. This is also true with the changes going 
on in sauerkraut and silage. 

function of the Rood.—The food utilized by bacteria has two 
functions, namely, the furnishing of energy and the acting as cellular 
building material. The quantity required by each bacterial cell 
for building material is not great, for MacNeal and his associates 
found that the dry matter of 550,000,000 cells of B. coli weigh 
only 0.1 mg. Others have estimated the weight of a single colon 
bacillus to be 0.000,000,163 mg., or it would require 1,600,000,00(1 
colon bacilli to weight approximately 1 mg. The waste products 
and repair material would make the cellular requirements slightly 
greater than this, but from these figures it is evident that the actual 
quantity required by a cell for building material is extremely small. 
Even this, however, is not immaterial, for Conn starting with the 
assumption that the period of generation is a half hour makes the* 
following calculation. ^Tf we take a single bacillus measuring 
2ix in length and Ijn in breadth, with a weight of 0.000,000,001,571 
mg., it will increase, according to the aforesaid assumption, at 
such a rate that in two days' time its progeny will amount tip 
281,000,000,000, and will occupy a volume equal to about | liter 
(30.51 cu. in.); within a further three days the quantity would 
increase to a mass sufficient completely to fill the beds of all tlic* 
oceans of the globe." Due to the accumulation of waste products 
they never continue to multiply long at such a rate, but the numbers 
in suitable media often become hundreds of millions per cubic 
centimeter before retardation occurs. 

Source of Energy.—Animals and plants require energy in their 
life activity, the former obtaining it directly from the kinetic 
energy of the sun which they store up as potential energy. 
This is liberated by the animal in the' process of oxidation. Now, 
bacteria do not possess the powers of the higher plants to utilize 
directly the energy of the sun, but, like the animals they are 
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dependent on the stoied energy of the plant and animal kingdom. 
From their method of oxidation it is necessary to recognize two 
«Toups of bacteria: ( 1 ) Those which completely oxidize their 
food;, the carbon and hydrogen occurring in the final products as 
carbon dioxid and water; ( 2 ) those which only partly decompose 
their food, thus leaving much of the energy still within the food. 
hJTow the actual food requirements of the two classes of organism for 
the accomplishment of the same end, in so far as energy is con¬ 
cerned, is materially different. For instance, the complete oxida¬ 
tion of glucose to carbon dioxid and water as brought about by some 
yeasts according to th e equation C 6 Hi 20 r, + 6 O 2 — 6 CO^ + 6 H 2 O + 
674 cal.; whereas, when only partly oxidized to alcohol it would be 
CeHisOo = 2 C 2 H 50 ir H- 2 CO 2 + 22 cal. 

The energy obtained in the first case is over thirty times that 
obtained in the second, and the quantity of food decomposed would 
be relatively greater in the latter than in the former. It has been 
estimated that the lactic acid bacteria decompose their own weight 
of sugar in one hour. 

Although all organisms require the elements listed at the begin¬ 
ning of this chapter, yet the nature of the organic compound required 
varies greatly with different species. 

Moisture,-—Moisture may be considered the most important 
factor of life. ^‘'It is little short of astounding that living matter 
with all its wonderful properties of growth, movement, memory, 
intelligence, devotion, suffering and happiness should be composed 
to the extent of from 70 to 90 per cent, of nothing more complex or 
mysterious than water. Such a fact as this is most perplexing, espe¬ 
cially when all experiments show that this water is playing a pro¬ 
foundly important part in the generation of the vital phenomena. 
Any interference with the amount normally present makes a change 
at once in the activities of the cell. In fact we might say that 
'all living matter lives in water,as Claude Bernard put it. For 
not only is this obviously true in the lower and simpler forms of 
animals and plants, which are little more than naked masses of 
protoplasm living in water, but it is no less true of tlie higher 
forms, since in all of them an internal medium, or environment, of 
a liquid nature, the lymph, the blood or sap, is found which is the 
immediate environment of the cells. Water is the largest and one 
of the most important constituents of living matter, and if organisms 
are carefully examined the most various devices are found to assure 
the regulation of the water content of the cells of the body. The 
younger, the more vigorous, the more alive, the more actively 
growing, the more impressible cells are, the more watery are they.'"' 

Water enters very largely into the composition of the bacterial 
cell, since they consist of from 70 to 95 per cent, water; moreover, 
it enters into nearly every change which they bring about. When 
5 
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bacteria decompose the carbohydrates, one or more molecules of 
water are taken up; when they synthesize, water is eliminated. 
The hydrolysis of fats requires for every molecule three of water; 
when they are synthesized from glycerin and fatty acids three 
molecules are eliminated. The digestion of the proteins by bacteria 
is usually hydrolysis in which a number of molecules of water are 
caused to enter the large protein molecule, thus causing it to break 
down into elementary diffusible foods. When the bacteria build 
their own proteins from the peptones and amino-acids, it requires 
that water be eliminated. Thus water plays an all-important part 
in all bacterial syntheses and decompositions. 

Water accelerates or is essential in all reactions tahing place in 
the cell. It has a higher inductive capacity, or dielectric constant, 
than any other liquid, except possibly hydrogen dioxid. “It is a 
good insulator. It does not in itself, at ordinary temperatures, 
conduct the current readily. In \drtue of this property it happens 
that when electrical disturbances occur in a cell they are not 
instantly compensated, so that oppositely charged particles may 
coexist in water. It is probably because of this property that 
water forms such a good ionizing medium. At any rate, this 
property may account for the undoubted fact, whatever explanation 
we may choose to give of that fact, that substances dissolved in 
water interact with greater ease and speed than when dissolved in 
any other medium. It has the property then, so important for the 
cell, of accelerating all kinds of chemical reaction. Thus hydro¬ 
gen and oxygen will not unite, except at very high temperatures, 
unless some water is present. Hydrochloric acid and sodium 
hydrate react vigorously in the presence of water, but not when they 
are quite dry. Chlorin and hydrogen do not form hydrochloric 
acid, except at very high temperatures, unless water be present, and 
everyone kimw^s that the rusting of iron does not occur unless water 
is there too. Water has, then, this fundamental property of 
making reactions go on between bodies dissolved in it or wet by it. 
This property is believed by many to be correlated with its ionizing 
powers and with the fact that its solutions conduct electrical currents 
more than those of any other solvent.” 

^ Another very remarkable property of water is its power'of solu¬ 
tion. No other solvent surpasses it. All substances dissolve in it 
to some extent- It is a solvent for salts, carbohydrates, proteins 
and even for fats to some extent. This universal solvent power 
has not yet been fully explained, but it is probable that it is cor¬ 
related with, or due to, the extra valances on the oxygen atoms 
which are perhaps able to unite with the extra valances on the dis¬ 
solving molecules and thus to produce solution. But be the expla¬ 
nation what it may, it is well known that its solvent action con¬ 
tributes much to life. Bacteria are able to absorb their food only 
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when in solution, while in solution it reacts and after it has served 
its purpose the waste products are carried from the cell in solution. 

Osmotic Pressure.—If a cell be placed in a strong salt solution, 
there is a shrinldng of the cell which may result in plasmolysis. 
If, on the other hand, a cell be suspended in pure water the cell 
greatly increases in size and finally hursts. This is the case when 
any solution is separated from pure water or from a less-concen¬ 
trated solution by a membrane which to the dissolved substance is 
iinpenneahle but to the water of the solntion permeable. The solu¬ 
tion exerts pressure on the membrane and the water passes through 
the membrane into the solution. The pressure is called osmotic 
pressure, an’d depends not upon the percentage of solute, but upon 
the number of particles—molecules and ions—per unit volume. The 
amount of this pressure varies ih different cells, but for mammals 
it is supposed to be about that of a 0.9 per cent, sodium chlorid 
(NaCl) solution, since in such a solution the tissue neither gains nor 
loses weight. This is about 7.1 atmospheres. 

However, some bacteria and many molds can survive and even 
grow in salt solution wliicb would be fatal to the life of the cell of 
higher plants. INn icillkm and Asiyeyrgilhis have been known to 
thrive in solutions, the osmotic pressure of which is equivalent 
to a 20 per cent, potassium nitrate solution. Bacillus (imihmois 
flourishes on agar containing as much as from S to 10 per cent, of 
sodium chloric]. Since turgidity is essential to growth, it follows 
that these organisms must have some means of altering the pressure 
of their cell contents' according to the concentration of the sur¬ 
rounding medium; only in this way can plasmolysis be avoided. 
The plasmotic membrane in the case of many bacteria is highly 
permeable; this would be the case, especially with, those organisms 
which grow in brines. Even some pathogenic bacteria possess the 
power of accommodating themselves to high osmotic pressures. 
Bacillus oholerce are temporarily plasmolyzed by salt and sucrose 
solutions but not at all by a glycerin solution, the cell membrane 
being permeable to the latter. The plasmolysis i)rodueecl by the 
salt and sugar disappear in the course of an hour or two as a rule, 
showing that even salt and sugar slowly penetrate the plasmotic 
membrane. 

Kind of Food Required.—The quality of the food required by 
bacteria varies greatly with the species. This is well exemplified 
in Jensen’s classification of bacteria which is based upon tlie sources 
of nutrition and distinguishes the following groups: 

'A . Bacteria which, like green plants, need neither organic 
carbon nor organic nitrogen. These so-called ' autotrophic bacteria' 
can build up both carbohydrates and proteins out of carbon dioxid 
and inorganic salts. 

^"2. Bacteria which need organic carbon compounds, hut can 
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dispense with organic nitrogen. These bacteria are able to synthe¬ 
size protein substances out of carbohydrates (or organic acids) and 
ammonia, nitrogen or nitrates. 

^'3. Bacteria which, like the higher animals, require both organic 
carbon and organic nitrogen compounds. These bacteria cannot 
accomplish either carbohydrate or protein synthesis out of inorganic 
substances.'’' 

Carbon.—The carbon dioxid of the air cannot be utilized by 
bacteria as a source of energy since it is already fully oxidized. 
There are, however, some organisms which possess the power of 
utilizing both carbon monoxid and methane.. On the contrary, 
the carbon of carbohydrates, fats and proteins are readily utilized 
by foacteria. The hydrocarbons of both the aliphatic and aromatic 
series are resistant to bacteria, but those compounds which contain 
oxygen in addition to the carbon and hydrogen are more readily 
attacked. Many organic acids and oxy-acids are used by some 
bacteria. Only a few bacteria can use the simpler alcohols. The 
more complex alcohols, like glycerin and mannite, are utilized 
by many. The carbohydrates are especially valuable to most 
bacteria, those containing six or twelve carbon atoms being the 
most valuable. 

Nitrogen.—The nature of the nitrogen requirements of bacteria 
are extremely different, depending upon the .specific organism. 
Some organisms, such as the symbiotic nitrogen-fixers and the 
azofiers, are able to obtain all the nitrogen required from the 
atmosphere. The nitrosomonas obtains its nitrogen from ammonia, 
whereas the nitromonas obtain it from nitrites. The majority of 
bacteria obtain their nitrogen from peptones, proteoses, and even 
amino-acids. Rettger concludes from oft-repeated experiments on 
animal and vegetable proteins that bacteria are unable to derive 
nourishment from native proteins, and that in a medium in which 
there is no possible source , of nitrogen other than the proteins 
themselves they will thrive no better than in a chemically pure, 
saline solution. When proteolytic enzymes are present the com¬ 
plex protein molecules are broken up and, at least in part, made 
available for cell nutrition. It would appear that 'ht is as essen¬ 
tial to break down complex nitrogenous food substances into their 
simple components, before they can be utilized, as it is to reduce the 
walls of an old diurch brick by brick before they can he made 
over into a modern schoolhouse.” The more strictly pathogenic 
organisms, as the gonococcus and the leprosy bacillus, may require 
nitrogen in the form of highly specific tissue proteins. As a rule, 
animal proteins are more readily utilized than are plant proteins. 

Hy^ogen.—Hydrogen is obtained from many organic compounds 
containing hydrogen and oxygen, such as the carbohydrates, fats 
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and proteins, bnt usually not those compounds which contain only 
carbon and hydrogen, such as methane and its homologues. 

Sulphur.—Sulphur is required by all bacteria possibly for the for¬ 
mation of the proteiiicaceous material of their bodies. In addition 
to this, some organisms use it as a source of energy. For instance, 
the Beggiatoa sometimes use two to four times their own weight of 
hydrogen sulphid in a day, under which conditions the sulphur grains 
may be seen in the cell-protoplasm and may be looked upon as an 
intermediate stage in the oxidation process, the reaction proceeding 
as follows: 

2H2S -f O2 = 2H2O + 2 S 

2 S 4- 3O2 4 - 2H2O = 2H0SO4 

Some bacteria may get their required sulphur from sulphates, sul¬ 
phites or thiosulphates, bnt probably the great majority of them 
obtain it from the proteins. 

Phosphorus.—Phosphorus is used by bacteria in large quantities, 
being essential for the building of the nucleoproteins and pliospho- 
proteins in which the unicellular organisms are especially rich. 
The form and quantities required by the organisms vary greatly 
with the species. The Azotohacter are able to utilize it from most 
organic and inorganic sources, some, however, being much more 
valuable than others. 

Potassium.—Potassium is essential to the higher plants and cannot 
be replaced entirely by related substances, yet Gerlach and Vogel 
early reached the conclusion that potassium and magnesium are 
not essential to Azotohacter, Tbeir results, however, were con¬ 
sidered for a long time to be erroneous. But if these elements are 
essential to Azotohacter it must be in extremely small quantities. 
Potassium does, however, favor their development and is probably 
valuable, if not essential, to all bacteria. Most inorganic potassium 
compounds can be utilized. 

Other Inorganic Substances.—The other inorganic constituents 
are required by bacteria only in small quantities and are obtained 
from either organic or inorganic compounds, depending upon the 
specific organism. 

OxygenReq[uiremeiits.—Bacteria, like all other plants and animals, 
require oxygen in their life activity. The various classes of organ¬ 
isms are not indifferent as to the form in wbich they obtain their 
oxygen. One great class requires that their oxygen be furnished 
free; to these is given the name "'aerobic.'’ Another requires their 
oxygen in the combined form; they are called "anaerobic.” Some 
organisms grow best in the presence of free oxygen but may become 
adapted to combined oxygen; these are known as "facultative 
anaerobes.” Others grow best in the absence of free oxygen but 
may become adapted to it; they are known as "facultative aerobes.” 
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Few bacteria are true aerobes or anaerobes, but many gradually 
blend from one class into another, as some will witlistaiid small 
quantities of free oxygen but not a full atmospheric pressure of it. 

■Vitamines.—The extracts of animal organs, as well as those of 
some plant tissues, are valuable nutrient material for bacteria which 
it is as yet impossible to supply in any medium of known chemical 
composition. The composition of these more or less-unstable 
but highly nutritive substances is a matter of purest speculation. 
For want of a better name they are termed ^'vitamines” or '^acces¬ 
sory gro^vth factors/' These accessory bodies are moderately 
heat-stable and are soluble in alcohol and in water. They are 
rapidly absorbed from solution by filter paper, but not by glass 
wool. They increase the reaction velocity of the proteolytic metab¬ 
olism of the meningococcus and are essential to many other organ¬ 
isms. After the first or primary cultivation some organisms become 
independent of these substances. This phase of bacterial nutri¬ 
tion, which is only just beginning to receive attention, is beset by 
many difficulties. The work being done, however, gives promise 
of so clearing up the field that much that was impossible of expla¬ 
nation in the past will be readily explained, hut the present 
status of the case is well summarized by Jiettger when he stated: 
"We are as yet in the dark regarding the real food requirements 
of bacteria.'^ 
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CHAPTER YII. 


iucteriai. metabolism-enzymes. 

It was pointed out in the last chapter that bacteria require food 
for at least two purposes—buildiii|,^ material and the liberation 
of energy. In fulfilling these functions the foods are profoundly 
clmnged; at times they are broken up into comparatively simple 
products, after wliich they are built into the complex molecules 
composing tlie bacterial cell; at other times they are split and the 
energy utilized; at still other times they are completely oxidized, 
the organisms thus obtaining all the stored potential energy. The 
sum of all these cliaiiges which the food undergoes, including the 
deterioration of the cell, is called metabolism. These changes con¬ 
sist of two se])arate processes; the one—construction of new cells 
or parts of cells—is a process of synthesis and is called anabolisna. 
The other is analytical or the hreaking-down of the cell and is 
called kataholisni. Although these two processes are usually going 
on siiniiltaneoiislyiii the cell, yet it is true that during the first few 
liours after inoculation of a culture the anabolic aspect predominates; 
later the katabolic phase predominates. That this should be the 
case can be readily seen, for the bacterial cell must be morphologi¬ 
cally complete before it can bring about its characteristic energy 
transformations, wliich continues until the death of the cell. 

Moreover, recent investigations have demonstrated that it is 
just as true of bacteria as of animals that ‘dt is as essential to 
break down complex nitrogenous food substances into their simple 
components before they can be utilized, as it is to reduce the walls 
of an old church brick by brick before they can be made over into 
a modern schoolhouse.’’ The development and present status of 
our knowledge of this represents one of the most interesting and 
valuable diapters of bacteriology. 

Early Theories of Fermentation.—Even as early as 1595 the great 
medical chemist, Labavius, considered fermentation a process akin 
to digestion, and von Helmont (1648) stated that out of the ferment 
something passes into the fermenting liquid which grows in it as 
a seed. But it was the great chemist, Liebig, who first developed 
the purely chemical explanation of fermentation. It was he who 
developed the idea of catalysis, a word already invented by 
Berzelius. Liebig compared fermentation changes to the action 
of finely divided platinum which possesses the power of bringing 
about the union of gases at low temperatures. The ferment he 
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Enzymes act by catalysis and hence are often stated to be select¬ 
ive colloidal catalysts, present in living cells and destroyed by 
heat/' A catalyzer is ''a substance which alters the velocity of 
a chemical reaction without undergoing any apparent physical or 
chemical change itself and without becoming a part of the product 
formed." It is a well-known fact that the speed of many chemical 
reactions is accelerated by catalyzers; for example, the inversion of 
cane sugar by acid and the numerous reactions affected by platinum. 
Negative catalysis is not as common, but the stopping of the slow 
oxidation of phosphorus in air by a trace of ether vapor may be 
taken as an example. The general characteristics of catalysts are 
admirably illustrated by Bayliss: 

“There are certain phenomena which, at first sight, might be 
confused with those of catalysis, but which must be carefully dis¬ 
tinguished from them. A mechanical model will serve to make 
this clear. If a brass weight of, say 500 grams, be placed at the 
top of an inclined plane of polished plate-glass, it will be possible 
to find a slope of the plane such that the weight will slowly slide 
down. This represents any reaction taking time to complete. 
If now the bottom of the weight be oiled (oil-catalyst) the rate of 
its fall will be greatly increased. We see, that in either case, the 
weight if placed at the top of the plane does not remain there, but 
sooner or later reaches the bottom. It may, however, be kept at 
the top by some kind of catch or trigger arrangement, in which case 
it will remain there indefinitely until the catch is released. The 
amount of energy lost by the weight in its fall, being the product 
of its weight and the vertical height from which it has fallen, is in 
no way affected by the work required to remove the obstacle pre¬ 
venting its fall, nor is the rate at which it falls when set free. A 
typical instance of such a "trigger’ action is that of supersaturated 
solutions, which remain for any length of time unchanged unless 
infected with a crystal. It has, moreover, been shown by B. 
Moore (1893) that the rate at which the solidification of supercooled 
glacial acetic acid moves along a tube is independent of the quantity 
of crystals placed at one end to start tlie process. Not so with 
true catalytic action; although the work done by our sliding weight 
is in no way affected by the amount of catalyst (oil) used, the rate 
of the fall is, within limits, directly proportional to it, and this is a 
property of catalysts in general. 

"Tt cannot be expected that a rough model of this kind would 
show all of the characteristics of catalytic phenomena, but there 
are two instructive points shown by it in addition to those already 
spoken of. The first is the disappearance of the catalyst by stick¬ 
ing to the glass as the weight slides down. An analogous phe¬ 
nomenon is often met with in catalytic processes, as will be seen 
later. The second point is one of importance with regard to 
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certain enzyme actions; it consists in tlie fact tliat, although the 
presence of the catalyst neither adds to nor subtracts from tlie 
total energy change in the reaction, the form of tliis energy may l)e 
altered. the weight falls slowly by itself, nearly the whole 

of the energy appears as heat due to friction along the glass plane, 
so that the weight arrives at the bottom with very little kinetic 
energy; on the contrary, when oiled, nearly the whole of the energy 
is present in the weight at the end of its fall as kinetic energy, very 
little friction having been met with in its descent. We may notice, 
also, comparing the efl'eets of different amounts of oil, that small , 

amounts produce a much more marked result than the subsecpieiit 
addition of further quantities. This is also characteristic of 
enzymes, as we shall see later. 

^‘From what has been said it follows that a catalyst is merely 
capable of changing the rate of a reaction already in progress. In 
opposition to this it may reasonably be said tliat a reaction does 
sometimes seem to be initiated. Such a case is that of a mixture 
of oxygen and hydrogen gases caused to combine by spongy plati¬ 
num. Now there are reasons for the belief tliat an extremely slow 
combination is taking place at ordinary temperatures without 
catalysis. One thing to be considered in reference to tins l)elief I 

is the enormous acceleration of chemical reactions by rise of tem¬ 
perature, the majority being about doubled by a rise of 10° (h In 
this way a reaction having a velocity of 1 at 0° would reach one 
of 2 at 10°, 4 at 20° and 1 X 2^^^ = 1024 at 100°. At the tempera¬ 
ture of 500° there is appreciable fonnation of water in the case in 
point, and Bodenstein (1S99) has shown that if the velocity at 089° 
be represented by 103, that at 482° has already sunk to 0.28; so tliat 
at room temperature the velocity would be quite incapable of 
detection by chemical means, since centuries would be needed 
to produce a fraction of a milligram of water, (irove’s gas battery 
also proves that the two gases are not in eciuilibrium at ordinary t 

temperatures, since electrical energy is obtained by their slow com¬ 
bination. 

^'To take another case of a reaction which progresses at a slow 
rate when left to itself: When methyl acetate is mixed witli water 
at ordinary temperatures it is very slowly hydrolyzed to alcohol 
and acetic acid until a certain proportion of it is decomposed, so 
that a state of equilibrium is finally arrived at. This ])rocess takes 
many days for its completion, but the time may tie shortened to a 
few hours by the addition of a small amount of hydroctiloric acid. 

'‘The objection may be made to the former of these two examples 
that the combination of oxygen and hydrogen does not take place 
except in the presence of water vapor, which jirobably acts as a 
catalyst. Similarly, the hydrolysis of esters liy water may be said 
to be due to the hydrion present therein. Tliis point of view does 
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not, Jiovvev^er, in reality, affeet tlie reasoning, since tlie reactions 
can lie eiionnously a(‘(‘derated l)y otlier l)odies, which act as addi¬ 
tional catalysts and may l)e investiii^ated inde})endeiitly. It is, in 
fact, a matter of considerable difficulty to discover a slow reaction 
which is definitely known to take place in the complete absence of 
any catalyst. 

“Moreover, it must not be forgotten that, as J. J. Thomson and 
others believe, a catalyst may possibly start a reaction. This is 
not, theoretically, in disagreement with the view taken by 
Ostwald. To return to our mechanical illustration, the 'friction’ 
between the weight and the glass plane may be sufficiently great 
to prevent inoveTnent altogether, until oil is applied. But the use 
of the name 'friction’ imi)lies the idea of movement and the exist¬ 
ence of forces tending to produce it. One may indeed suppose 
that the weight actually does move for an infinitesimal distance, 
but is at once arrested by the resistance met with. From this 
point of view the definition of a catalyst wx)uld be expressed some¬ 
what thus: A substance which changes the rate of a reaction which 
is actually in. X)rogress, or which is capable of proceeding without 
any su])ply of energy from without, if certain resisting influences 
are removed. The difierence between diminution of friction by 
oil and the removal of a catch is that, in the former case the action is 
continuous throughout the fall of the weight, wliereas in the latter 
ease the action is only momentary, at the commencement of the 
fall, on the rate of whicli it has no further effect.” 

Terminology.—Within recent years attempts have been made to 
systematize the terminology used in referring to enzyme action. 
The name of the substance on which the enzyme acts is called 
stihdraic. 

As to the names of the enzymes themselves it is customary to 
use the termination “ase” whicli denotes an enzyme and this 
termination should be added to tlie root of the word which names 
the substrate; for examiile, lactase is the enzyme accelerating the 
hydrolysis of lactose, sucrasc of sucrose, maltase of maltose, etc. 
Unfortunately, in many cases old names have become so fixed that 
it is not desiral)le to rexdace them, as, for example, pepsin for the 
acid jiroteinase and tryi^sin for the alkali proteinase. At other 
times the enzymes are incorrectly named from the simpler substance 
in place of the more comjilex siilistrate; for example, invertase for 
tlie ferment which inverts suero.se. 

It is the custom with many writers to s])eak of the enzymes which 
attack, say, starch or i)rotein, as “amylolytic” or “proteolytic,” 
resi)ectively; but Armstrong has pointed out that these names 
are incorrectly formed. “Amylolytic” in analogy with '‘electrolytic” 
should mean a decomposition by means of starch. To avoid this 
misuse of words he advocates the use of the termination “ clastic” 
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instead of 'dytic/' giving us terms such as ^'amyloclastic,” ''proteo- 
clastic/^ ^dipoclastic,” etc. 

Enzymes ordinarily do not occur active within the cell, but 
are present in the form of a zymogen or mother substance. This 
substance, when acted upon by a specific substance, becomes 
active and the process is termed '^activation.” The agency which 
is instrumental in activating-a zymogen is termed "zymo-excitor” 
or kinase. 

Properties of Enzymes.— Enzymes are known from the reactions 
which they catalyze and they are found to follow quite definite 
laws in their reactions. Some of the more important are as follows: 

1. An enzyme does not initiate a chemical reaction but only 
alters its Wocity; nor does it appear in the final products of the 
reaction which it accelerates. We must, therefore, assume that 
substances are slowly changing and that the catalyst does nothing 
more than alter the speed of this reaction. The state of affairs is, 
therefore, similar to that of a mixture of oxygen and hydrogen 
gases catalyzed by platinum in which there is evidence that the 
combination takes place at room temperatures, although at an 
unmeasurable rate. Salicin, which is readily hydrolized by ptyalin 
and emulsin to glucose and saligenin slowly decomposes in water 
at 150° C. It would, therefore, be inferred that the process also 
takes place at room temperature. Starch solutions slowly undergo 
a spontaneous change into dextrin and sugar and solutions of 
ammonium caseinogenate increase in electrical conductivity when 
left to themselves, a change similar to that which occurs when 
they are acted upon by trypsin. Taylor has shown that an appreci¬ 
able proportion of pure sterile globulin kept in distilled water at 
ordinary temperature for eighteen months is hydrolyzed to protease 
and that leucin may be recovered from a sterile suspension of casein 
in pure water and that arginin may be recovered from a solution 
of protamin sulphate in pure water. True, the reaction is slow and 
the products have accumulated only in small quantities after the 
lapse of a year; nevertheless, it is evident that the process is slowly 
occurring in the absence of the catalyzer. 

It is likely that the ferment enters temporarily into chemical 
combination with the substance acted upon. This assumption is 
made on the ground that the sensitiveness of the enzyme often 
changes when brought in contact with the substrate and may at 
first be hard to separate. Moreover, it is definitely known that in 
some simple catalytic processes the catalyzer does temporarily 
combine with the reacting substance. This is the case in the 
manufacture of sulphuric acid, where steam, sulphur dioxid, oxygen 
and the oxids of nitrogen are introduced simultaneously into a 
large chamber when the following reactions probably occur. 

SO2 + N2O3 = SO3 + 2NO 
SOa + H2O = H2SO4 
2NO + 0 * « 2NO2 
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Thus it is that the oxids of nitrogen serve to convert the sulphur 
dioxid to the trioxid and in the presence of air reverts to the original 
condition and again repeats the cycle. While in the Gay-Lussac 
tower the nitrosul-sulphuric acid is formed: 

N2O3 + H2SO4 - 2NO2HOSO2 + H2O 
2NO2HOSO2+2H2O = 2H2SO4-I- N2O3 


Where there are a number of steps in a reaction, as is the case with 
the above, it is necessary, as pointed out by Ostwald, that the sum 
of all the reactions in the catalyzed system are more rapid than are 
the changes in the uncatalyzed. 

The classic illustration of an organic reaction of this type is that 
afforded by the production of ether from alcohol. In this process 
sulphuric acid is employed as catalyzer and as well known this first 
combines with alcohol with the formation of ethyl-sulphuric acid. 


HO 

\ 

CoHsOH + SO2 

/ 

HO 

Alcohol. Sulphuric acid. 


C2liDO 

\ 

HOH + SOs 

/ 

HO 

Ethyl-sulphuric acid. 


Tile ethyl-suli)huric acid reacts with another molecule of alcohol 
forming ether and regenerating sulphuric acid. 

C2H6O HO 

\ \ 

SO2 -I- C2H6OH = SO2 + C2H6 - O - C2H6 

/ / 


HO 

Ethyl-sulphuric add. Alcohol. 


HO 

Sulphuric acid. 


Ether. 


Similar combinations occur with the enzymes, for it is found that 
sucrase will withstand uninjured a temperature 25° C. higher in 
the presence of sucrose than in its absence. It is difficult to see 
how tliis could happen unless the enzyme entered into some sort of 
union with tlie sugar. 

Intimately connected with the subject of combination of enzyme 
witli substrate is that of specificity, an example of which is seen 
in the fact that certain enzymes act only on carbohydrates, others 
on fats, and still others on proteins. The group of those trans¬ 
forming carbohydrates is further subdivided into specific enzymes 
each of winch lias the power of acting alone upon only one sugar. 
This property is so specific that in many cases tlie enzyme will 
act upon one optically active compound leaving the opposite optical 
isomer untouched. This led Fischer to the formulation of his 
famous simile of the 'dock and key” relationship. In this he 
considers that the enzyme and its substrate must have an inter¬ 
relation, such as the key has to the lock; otherwise, the reaction 
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does not occair. By means of this theorem it has been possible to 
foretell the structure of many complex substances and explain 
hitherto obscure points in biology. 

2. The chemical change brought about by an enzyme in infinite 
time is independent of the concentration of the enzyme, but for 
shorter periods it is clearly and usually a definite function of the 
concentration of the enzyme. This means that a small quantity 
of enz;^ane \vill bring about as much change as a large one, provid¬ 
ing unlimited time is given. In this regard, then, enzyme reac¬ 
tions differ from ordinary reactions in that they do not follow the 
law of mass action. This may be illustrated by the carrying of 
brick to the top of a building by men. Give one man sufficient 
time and he would be as able to transfer the whole pile to the top 
as would a group of men, but in the latter case the time occupied 
would be inversely proportional to the number of men working. 
So it is with enzymes; the intensity is almost directly proportional 
to the concentration of the enzymes. In certain instances where 
this generalization has been found not to hold, attempts have 
been made to apply the Schutz-Borissow Law—that the intensity 
of enzyme reaction is directly proportional to the scpiare root of 
the conc‘entration. But even this generalization does not hold, for 
there are a numl)er of factors which tend to retard or accelerate 
enzyme action. Chief among these winch retard are (a) reversi¬ 
bility, (b) combination of enzyme wdth products, (c) negative 
autocatalysis, which with the precdous factor leads to reversible 
inactivation of the enzyme, (d) destruction or similar drastic changes 
in the properties of tlie enz^nne. Those which accelerate are as 
follows: (a) combination of the whole of the enzyme with the sub¬ 
strate when tlie latter is in relatively large excess, (b) positive 
autocatalysis. 

3. Reactions which are catalyzed by enzymes are reversilde. 
It has been conclusively shown in the case of many reactions and 
is generalized for others that where a reaction is being catalyzed by 
enzymes it is, unless the products so formed are removed from the 
reaction medium, reversible. This is illustrated by the saponifica¬ 
tion of ethyl-butyrate by means of lipase. 

C.HTC’.OOCVm + mo = OMiCOOH + C,Hr,()H 

Ethyl-butyrate. Butyric acid. Ethyl alcohol. 


Starting with a definite quantity of ethyl-l)utyrate, after a time 
we find in the reacting media ethyl-butyrate, l)utyric acid and 
ethyl alcohol; commencing with butyric acid and ethyl alcohol, we 
obtain the same i)roducts as in the first case. This implies that the 
syntlietie reactions which are going on in the cell are catalyzed by 
the same enzymes as are the analytic reactions; hence reactions 
that are catalyzed by enzymes are never complete unless the result¬ 
ing products are removed as fast as formed. 
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4. Enzymes are usually characterized by great sensitiveness to 
comparatively low temperatures and to many poisons- This prop¬ 
erty formerly was used to determine whether or not a reaction was 
being catalyzed by an enzyme; but there are known a few cases in 
which the enzyme is not destroyed by boiling water. The great 
majority of all enzymes are, however, destroyed by a temperature 
somewhat below 100° (\, many even as low as 60° C. This property 
is no doubt due to the colloidal nature of the ferment which, on 
being heated, coagulates—probably much as does a protein, for it 
is well known that enzymes are more sensitive in the presence of 
water than in its absence. 

Although the addition of hydrocyanic acid or formaldehyde to 
a media in which reactions are being catalyzed by enzymes puts 
a stop to the reaction, yet the concentration necessary is usually 
greater than that which can be borne by the li\dng protoplasm. 
This makes it possible to kill the cell and still have the enzyme 
reactions going on in the medium by carefully adjusting the con¬ 
centration of the antiseptic used. 

Various methods are used in the extraction of enzymes. Some 
readily diffuse out of the cell and may be taken up with water; 
others are extracted with glycerin or acids; in still other cases it 
is necessary to decompose completely the cells as did Biichner 
in obtaining zymase. The I'esulting product is then often purified 
by alcoholic or other precipitants. This drastic treatment, how¬ 
ever, often impairs the activity of the ferment. 

Classification. —Fuhrmann has classified enzymes of bacterial 
origin into four types as follows: 

A. Schizases (hydrolytic) cleavage enzymes: 

1. Carbohydrate-splitting enzymes. 

2. Glucoside-splitting enzymes (synaptase). 

3. Fat-splitting enzymes. Lipases (esterases). 

4. Proteases, protein-splitting enzymes, pepsin, trypsin 

(lysins, coagulases). 

B. Fermentation enzymes: 

Zymase urease, lactic-acid enzyme. 

C. Oxidizing enzymes: 

Tyrosinase, acetic bacteria, oxidase. 

D. Reducing enzymes: 

Reductase. 

Hydrolytic Enzymes.— As a type of the hydrolytic enzymes, which 
act upon carbohydrates, we may take maltase wdiich converts 
maltose into dextrose according to the following equation: 

C12H22OU + H2O = C6H12O6 + CcHriOo 

Maltose. Dextrose. Dextrose. 


Maltase is an enzyme which occurs in yeast, many bacteria, and 
numerous other cells. It is of special interest inasmuch as it is 
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the first case of reversible action that was studied. Craft Hill 
found that the addition of maltase to a very concentrated solution 
of dextrose resulted in the formation of a disaccharid. This he at 
first thought was a simple reversion of dextrose into maltose, but 
later work showed that the sugar formed was an isomer of maltose. 
The essential fact, however, remained that the one enzyme possessed 
both synthetic and analytic properties. 

Emulsion is an enzyme which possesses the power of decompos¬ 
ing mandelic-nitrile-glucose into glucose, benzaldehyde, and hydro¬ 
cyanic acid. The mandelic-nitrile-glucose is obtained by the action 
of maltase upon the glucoside amygdalin. The total change 

brought about by the two ferments is indicated by the following 
equation: 

CooH.tNOii + 2 HoO = CcHsCHO + HCN + 2 CAin(k 

Amygdalin. Benzaldehyde. Hydrogen cyanid. Glucose. 

Lipases act upon the neutral fats and are widely distributed in 
both plant and animal cells. They bring about a reaction which 
may be expressed by the following general reaction, where R = 
the residue of a fatty acid. 

CH:r-*R CH2OH 

I 1 

CH —R + 3H2O = 3 RH + CHOH 

I .1 

CHir-R CH2OH 

One molecule of neutral fat is split into three molecules of fatty 
acid and one of glycerin. This is the general reaction which occurs 
in the spoiling of butter or fat due to bacterial activity. 

Proteases, which possess the power of splitting proteins, are 
widely distributed in bacteria, as is exemplified by their gelatin- 
liquefying powers. This also is a hydrolytic reaction in which a 
number of molecules of water is caused to enter the protein molecule 
with its subsequent breaking down into proteoses, peptones, and 
finally amino-acid. Even this, as complex a reaction as it is, has 
been shown to be reversible in at least two cases. 

Zymases, which occur in the yeast cell, are endo-enzymes and 
their function is to liberate energy for the use of the cell, as is shown 
by the following table from the work of Rahn: 

ENERGY LIBERATED FROM 1 GRAM OF SUBSTANCE. 


Soluble enzymes. Endozymes. 

Pepsin, trypsin ... 0 calories Lactacidase .... 8(1 calorics 

Lipase.4 “ Alcobolase .... 120 “ 

Maltase sucrase ... 10 “ Urease.230 


Lactase.23 “ Vinegar oxidase . . .2500 '' 

The first zymase isolated from a microorganism was that of 
urease, or the ferment which converts urea into ammonium ear- 
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bonate, and which was shown by Musculus to be present in the dead 
cells of Micrococcus iirece which develops in putrid urine. Zymase 
was obtained by Biichner through the pressing of the ground yeast 
cells, as has been described. This same method was later applied 
to the lactic acid bacteria and the lactacidase obtained. 

Oxidmng Enzymes.—The most typical example of an oxidizing 
enzyme is the vinegar oxidase, the action of which is fairly well 
known. The reaction may be written in the simple form 

CH3CH0OH + 0 .> = CHaCOOH + H2O. 

Since, however, many side reactions may occur, the bacterial oxida¬ 
tion of alcohol is not in reality capable of so simple an expression. 

Heducing enzymes are the most common of ferments. They are 
formed by practically all plants and animals and contained by all 
but a very few bacteria, Strept. lacticus being one of the few excep¬ 
tions. In this case the absence of the enzyme is used as a diagnostic 
test for the organism. One of the most important reductases is 
the peroxidase which reduces hydrogen peroxid to water with the 
liberation of oxygen. 

2H2O2 -f peroxidase = 2H2O + O2. 

Otliers which reduce nitrates to nitrites of particular interest to 
students of agriculture are 

2KNO3 = 2KNO2 + O2. 

Or at times they may reduce the nitiite to elementary nitrogen: 

2 Ca(N 03)2 = 2 CaO + 2N2 -f 502 . 

Under appropriate conditions the important element, nitrogen, 
may thus be lost from the soil by denitrification. In a similar way 
sul])hates are reduced to hydrogen sulphid: 

H2SO4 = HoS 4 - 2O2. 
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of alcohol to acetic acid. On. the other hand, the products formed 
may serve as food to other microorganisms and thus be completely 
oxidized. Acetic acid, if not too strong, may be further oxidized to 
carbon dioxid and water, as sometimes occurs, resulting in a decrease 
in the strength of vinegar. 

3. Alcoholic fermentation is brought about by yeast; yet there 
are bacteria which possess the power of producing alcohol, but none 
of them are of economic value. Such organisms have been obtained 
from hay (/i. fitizianns) and sheep manure (B. ethaceticus). The 
Bad. 'pneumonixB of Friedlander is not only a pathogenic organism, 
but also possesses the power of decomposing sugar solutions with the 
formation of ethyl alcohol and acetic acid. 

The reaction as brought about by yeast is due to the endo-enzyme, 
zymase, first isolated by Buchner. The reaction is dependent upon 
a readily available supply of phosphate, and according to Harden 
this forms an intermediate product with glucose, thus: 

I 

2 CfiHl20G + 2PO4HR2 = 2CO2 + 2C2H0O -h 2H2O + C6 Hio 04(P04U2)2 

II 

C6 Hio 04(P04R2)2 + 2H2O = CcHnOs -h 2PO4HR2 

According to equation (I), two molecules of glucose are concerned 
in the change, the carbon dioxid and alcohol being equal in weight 
to one-half of the sugar used, and the hexosephosphate and water 
representing the other half. In the second equation the phosphate 
is again liberated, and the hexose presumably fermented. 
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products. The mechanism of the fermentation as outlined by 
Harden is illustrated by the reaction. 
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Glucose. 

Lactic acid. 

Succinic acid. 


Unless some base be added to neutralize the acid as formed, the 
lactose of milk is never completely converted into lactic acid because 
the accumulation of the acid is sufficient to stop most bacterial 
growth, as is seen by the fact that meat placed in buttermilk will 
keep for some time. 

Butyric Acid,—Under certain conditions a further decomposition 
of the lactic acid may occur with the formation of butyric acid 
according to the following equation: 

2r:n-io0.i = c-iHsOs + 2 c:02 h- 2 H 2 
Lactic acid. Butyric acid. 

However, the butyric acid bacteria possess the power of ferment¬ 
ing sugar with the formation of butyric acid. 

CfiHi 206 + O2 - r:iL,CH 2 C:H 2 C 00 II + 2OO2 + 2H2O 
Glucose. Butyric acid. 

Although the number of organisms which possess the power of 
producing butyric acid are large, they are not as numerous as those 
which possess the power of forming lactic acid. They are usually 
anaerobic sx^ore-bearers with a tendency to, form spindle-shaped 
cells, for which reason they have been given the name Clostridium. 
Many members of this group possess the power oh fixing nitrogen; 
they probably play an important part in maintaining the nitrogen 
supply of the soil. B. hotulinus, the causative agent in meat poison¬ 
ing, forms butyric acid as does also B. tetani. 

In the great majority of cases bacteria produce a number of differ¬ 
ent products; for instance, Azotohacter chrodcocoimi produces from 
the carbohydrates, ethyl alcohol, glycocoll, acetic acid, butyric acid, 
lactic acid, carbon dioxid, and hydrogen. The quantity and quality 
of the different products vary with the species and with the carbo¬ 
hydrate used. 

Bacterium pasteuriajium grows in wine and cider vinegars. It 
produces a variety of products, depending upon the specific sub¬ 
stance acted upon. It produces gluconic acid CH 2 OH (CHOH) 4 ~ 
COOH from dextrose, propionic acid (C 2 H 5 COOH) from ])ropyl 










PRODUCTS FROM NlTROOmoUS COMPOUNDS 87 

alcohol (C3H7OH), and acetic acid (CH3COOH) from ethyl alcohol 
(C2H5OH). _ , 

Other Acid Fermentation.—In addition to the acids described 
many others have been identified among the products of carbohy¬ 
drate fermentation. Many molds, especially, possess the power of 
fermenting dextrose with the formation of citric acid, the general 
reaction being as follows: 

CH 2 COOH 

/ 

2 C 6 H 12 O 6 + 2 O 2 = 2HOC—COOH + 2H‘.0 

\ 

CH 2 COOH 

Dextrose. Citric acid. 


Patents have been taken out on this method and attempts made 
to produce citric acid on a commercial scale, but so far without any 
great success. 

Oxalic acid is also produced by certain molds in sugar solutions 
and where care has been taken to neutralize the acid so formed 
one-half the calculated theoretical yield has been obtained from 
cane sugar. Formic (H COOH) and valeric acids (C.iHuCOOH) 
are also produced by some microorganisms. 

Oxidation of Organic Acids.—The organic acids formed in the 
various processes of carbohydrate fermentation are often furtlier 
oxidized by bacteria, yeasts, or molds to simpler products. Ordi¬ 
narily the process consists of a complete oxidation. This may be the 
case in sauerkraut, ensilage, pickles, etc. Thus Oldium lactls destroys, 
the lactic acid of sour milk with the formation of carbon dioxid 
and water. 

CsHeOs + 3O2 *= 3CO2 + 3H2O, 

At times the spoiling of pickles is due to the oxidation of the acetic 
acid by yeasts which grow in a thin white scum over the surface. 

Fats.—A comparatively few microorganisms attack fat. When 
they do the decomposition of the fat is comparatively simple. One 
molecule of the neutral fat is split with the formation of one mole¬ 
cule of glycerin and three of fatty acids. 


H2COOC—CisHai 

1 

H2COH 


H COOC—C16H31 + 3H2O 

1 

H COH + 

aCisHsi—COOH 

1 

H2COOC-—CifiHai 

1 

H2COH 


Neutral fab. 

Glycerin, 

Fatty acid. 


The glycerin is readily used by the microorganism, whereas the 
fatty acids are but very slowly oxidized and that by only a few 
species. 

Products from Nitrogenous Compounds.—Proteins are complex 
organic substances composed of carbon, hydrogen, oxygen, nitrogen. 
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and generally, but not always, sulphur, and sometimes pliospliorus. 
The proportion of these constituents is approximately C, oO-oo 
per cent.; H, 6-7.3 per cent.; O, 19-24 per cent.; N, 15-19 per cent. 
S, when present, 0.3-2.5 per cent.; and P, 0.4-0.S per cent. They are 
substances which in the main consist of combinations of cc amino- 
acids or their derivatives. The decomposition products of proteins 
include proteoses, peptones, peptides, carbon dioxid, ammonia, 
hydrogen siilphid and amino-acids. The amino-acids constitute a 
long list of important substances which contain nuclei l)el()iiging 
either to the aliphatic, carbocylic, or heterocyclic series. The 
present list includes glycocoll (glycin) alanin, serin, phenylalaiiin, 
tyrosein, cystin, tryptophan, histidin, valin, argin, leucin, isoleucin, 
lysin, aspartic acid, glutamic acid, prolin, oxyprolin, and norleucin. 

Many, especially of the saprophytic l)acteria whicli occur in 
the soil, have the power of breaking down native proteins with the 
formation of the various amino-acids. Undoubtedly the complex 
organic compounds which are being isolated from the soil, and 
which are assumed by some to play such an important part in soil 
fertility, have just such an origin. But it is usually the case in all 
media that the bacterial catabolism carry the substance much fartlier 
than the amino-acid. The extent of this change varies greatly with 
the species of microorganisms and the conditions under which tliey 
are acting. Kendall summarizes some of the further changes which 
may occur as follows: 

1 . The reductive deaminization of amino-acids to fatty acids with 
the same number of carbon atoms. 

IICH2CHNH2COOH 4 - H2 '= RCH2CIi2COOH 4 mh 

2 . Hydrolytic deaminization of amino-acids to oxyacids with the 
same number of carbon atoms. 

R—CH2—CHNH2—COOH + H2O - R-~Cni2-~CHOH---CMJOH + Slh 

3. Oxidative deaminization of amino-acids to keto-acids with the 
same number of carbon atoms. 

R—CH2—CHNH2—COOH ~h )()H 4 NH. 

The above reactions may be taken as types of the last stages of 
the reactions brought about by the ammonifying bacteria within 
the soil. 

4. Carboxylic decomposition of amino-acid to amine with one 
less carbon atom., 

R--CH2—CH—NH2—COOH == R—CH2—CH2—-NHs 4 CO2 

5. Carboxylic decomposition with the formation of fatty acids. 

R—CHr-CHi—COOH - R—CHjr-CHs -4 CO2 
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6 . Carboxylic decomposition with the formation of a fatty acid 
with one less carbon atom. 

K—CH-.—CII-.COOH + 30 = II—CH.—COOH + CQo + H 2 O 


Some of these changes are often produced either within food or in 
the alimentary canal and are of considerable clinical significance. 
The most important of these are indol, skatol and the amins, the 
simplest of which is trimethylamin. 

Indol and skatol are substances produced in the intestinal tract 
from tryptophan chiefly by B. coli and B. proteus. They are also 
formed in putrifying proteins and it is to indol and skatol that putri- 
fying substances owe their intensely disagreeable odor. Indol 
gives a rose color with nitrites in acid solution and this is used as a 
method of identifying certain bacteria. The tryptophan is deam¬ 
inized with the formation of indol propionic acid. This is oxidized 
to indol-acetic acid. From this latter there is split off acetic acid 
with the formation of indol. The reactions are as follows: 


CH 

/ \ 

Hc c-c—cm 

I II II I 

HC C CH CH—NH> 

\ /\ / I 

C N COOH 

H H 

Tryptophan. 


CH 

/ \ 

HC C -C-CH 2 

I II II I 

HC: C CH CH2 

\ /\ / I 

C N COOH 

H H 

Indol-propionic acid. 


CH 


/ 

\ 


Hf; 

c— 

—c—cm 

1 

11 

11 1 “> 

ik; 

c 

CH COOH 


\ /\ / 
CH NH 

Indol-acetic acid. 


CH 

\ 

HC: C-CH 

I II II 

HC C CH 

\ /\ / 

c:h nh 

Indol. 


Often the bacteria split out carbon dioxid from the indol-acetic 
acid with the formation of skatol: 

CH CH 

/ \ \ 

HO c-C-CH 2 HC C - c—cm 

I II II I - 1 II II 

HC C CH COOH HC C CH 

\ /\ / % /\ / 

CH NH CH NH 

Indol-acetie acid. Skatol. 



90 


BACTERIAL METABOLISM PRODUCTS 


These substances wlien formed in the intestinal tract are absorbed 
and carried to tlie liver where they are conjugated with the formation 
of indican which is then eliminated by the kidneys. The stages 
through which indol passes in forming indican are as follows: 


H 

c 

/ \ 

HC G-CH 

I II II 

lie C CH 

\ /\ / 

CH NH 


Indol. 


H2SO4 I 


H 

C 

/ \ 

HC c: ■ 


HC C 

\ /\ / 

C NH 
H 

Indoxyl sulphuric acid. 


CO—SOaH 

II 

CH 


H 

G 


HC 


+ 0 -> 


C- 

C 


HC 

C 
H 

Indoxyl. 

H 

C 

^ \ 
HC 

+ KOH I II 
HC C 


\ / 

NH 


•COH 

II 

CH 




% /\ / 
C NH 
H 

Indican. 


O-SO.'iK 

/ 

- C 

II 

C—H 


Amins.—The simplest member of this series is metliylamin 
(CH3NH2) which is produced in small quantities in the decomposi¬ 
tion of nitrogenous organic matter. It occurs in herring brine along 
with dimethylamin (CH 3 ) 2 NH and trimethylamin (CIi 3 ) 3 N. When 
alinin is acted upon by the carboxylase the carboxyl group of the 
amino-acid is split off with the formation of ethylamin according to 
the following reaction: 

CH3CHNH2COOH = CH3CH2NH2 + CO2 
Alanin. Ethyl amin. 


Others of special interest which may be due to bacterial activity 
are: 

1 . Cadaverin from lysin: 

CH2--CH2CHr--CH2~CH—COOH CH2—CH2CH2CH2CH2 


NHo NH2 

Lysin. 

2 . Putrescin from ornithin: 
CH2---CH2--CH2--CH--COOH 

I I 

NHi NH2 

Ornithin. 

3. Beta-imidazole ethylami: 

HC-NH\ 

II 

c-N ^ 

I 

CH2 

1 

CHNH2 

I 

COOH 

Histidin. 


NH2 NH2 + CO2 

Cadaverin. 


CH2—CH2~-~C:H2—CH2 

—^ I I "f" C'O*.' 

NIL NH*. 

Putrescin. 

from histidin: 

H—C—NH\ 

I \r'x.r 


CH2 4" CO2 

I 

CHiNHu 


Beta-imidazole ethyl-amin. 
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Vaughan considers that beta-imidazole-ethylamin is the active 
principle of the protein molecule. Some of these amins are strong 
stimulants of the heart or vasodilators. It is quite likely that their 
liberation by bacterial activity in the intestinal tract and their 
subsequent absorption may result in severe constitutional symptoms. 
These compounds belong to a group of substances called ^^ptomains.'' 
They are alkaloid-like bodies of basic character and of more or less 
well-known structure. Some of them are harmless, while others are 
apparently violent poisons. It is interesting to note that in the 
majority of cases the poisonous properties decrease or at times 
entirely disappear as purification proceeds thus indicating that the 
poisonous principle in some cases at least is an impurity associated 
with them. Their production is not limited to any one special class 
of bacteria, for Zinsser defines ptomains as ''poisons elaborated 
by all bacteria that are capable of producing protein cleavage, if 
planted on suitable nutrient materials under conditions favoring 
growth. The matrix of these poisons is the protein nutriment; they 
are not products of intracellular metabolism specifically characteris¬ 
tic of the bacteria which produce them.'' 

Bacterial toxins, jn contradistinction to the ptomains, are specific 
bacterial poisons which are characteristic of each individual species 
of bacteria and are truly the products of bacterial metabolism in 
that they emanate from the cell itself either as a secretion or excre¬ 
tion during cell life, or as an inherent element of the cytoplasm 
liberated after death. 

Enzymes which are true products of bacterial metabolism have 
been considered in detail in the preceding chapter. 

Urea, uric acid, and hippuric acid are the forms in which the 
waste nitrogen is excreted by the higher animals. There are a 
great number of organisms occurring widely distributed which 
possess the power of changing urea into ammonium carbonate. 


This is a simple hydrolysis. 

NH2 ’ NH4O 

\ \ 

CO + 2H2O = CO 

/ / 

NH2 NH40 


Uric acid can be changed in several ways by bacteria, that is, it 
may be hydrolyzed with the formation of dialuric acid and urea. 


HN—C—0 


HN—CO 

NH2 

1 1 


1 1 

\ 

= C C—NH^ 

+ 2H2O 

-> OC CHOH 

+ ’ 

1 II 

>c = 0 

1 1 

/ 

HN—C—NH^ 


HN—CO 

NH2 

Uric acid. 


Dialuric acid. 

Urea. 


On oxidation uric acid yields various substances, alloxan, urea, 
oxalic acid, carbonic acid, tartronic acid, allantoinic and uroxanic 
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acid. If uric acid is given to man the greater portion of * 
ably destroyed by bacteria in the alimentary tract, but tl ^ 
kidneys of some animals secrete a uric acid-destroying 
uricolytic enzyme, called uricase. It is presumably tb^ 
formation of such an enzyme that bacteria are al)le to ^ ^ ^ 
uric acid. 

Hippuric acid is hydrol^^zed by certain bacteria with t * 
tion of benzoic acid and glycocolL 


o 

II 

C—C—NH—CHtr-COOH 

/ \ 

HC CH 


I II 

HC CH 


\ / 


C 

H 


Hippuric acid. 


+ H.0 


COOH 

/ 

C 

/ \ 

RC CH 

I II + cmNii-' 

HC CHI 

\ / 

C- 

H 

Benzoic acid. C * L’V 


The glycocoll may then be deaminized with the fori* 
ammonia and acetic acid. Many extremely complex tra 
tions of organic substances occur in the soil, due to 
activity. In this medium many of the changes consider 
occur. These have l)een summarized diagrammatical!>’ 
carbohydrates, proteins, oils, and waxes by Russell. 


Proteins. 


Carbohydrates 
cellulose. 




Gaseous 

N. 


Amino-acids. 
NH, i 

I Hydroxy acids- 

Nitrites. j 

I Calcium salts. 


Nitrates. 


T N. 

CaCO. 




Oils. 


Other compounds. 
“Humus.” 


Acids.”} 


CO*i 


Calcium 
salts. 

CO. 1 
CaCOs 


COs 


Products from mineral compounds may be either ox i 
reduced l)y bacteria. Home of the important oxidations 
oxidation of ammonia to nitrites, and these in turn to nit n 

Nlh A 30 = BNCh + ir-.0 

HNO2 -f O = HNO.! 

These changes are of especial interest to the student of 
are brought about by the nitrosomonas and nitromonas, r(>;|; 

Ferrous salts may be oxidized to ferric, while sulfur 
oxidized to sulphuric acid. 

S + 30 -1- H2O = H.-SO-1 


The important reduction reactions are the ones which 
denitrification wherein the nitrate is changed to nitrite. 

Ca(N03)2 = Ca(N02)2 + O 2 
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Or the nitrate may be completely reduced with the liberation of 
gaseous nitrogen, thus completely removing it from the soil. 

2 Cti(NO ;02 = 2 CaO + 2N2 + SO-- 

Sulphates may in a similar manner be reduced to h.ydrogen sulphid. 

H2SO4 = H‘.8 + 2O2 

Hence, water containing calcium sulphate if shut off from air may 
give rise to that ill-smelling gas, hydrogen sulphid. 

Pig7ne7its,~M.8iny bacteria produce pigments, among which are 
practically all the colors of the spectrum—violet, indigo blue (B. 
uolaceuSj B. janthmus, B. cyanogenes, B. pijocijaneus), green {B, 
fluorescens), yellow {Staphylococcus aureus, Sarcina lutea), orange 
{Sarcina aurantiaca), and red (B. prodigiosiis). Usually oxygen is 
essential to the production of pigments and their intensity varies, 
depending upon the media upon which the organism is grown. 

The phenomenon of pigment production has long attracted the 
attention of bacteriologists, and many attempts have been made to 
explain their occurrence; but so far none of the explanations would 
seem to be wholly satisfactory. The j^igmeiit seems to be of no 
material advantage to the organism, for colorless strains may be 
cultivated which possess all of the properties of the original strain 
with the exception of pigment production. There is no evidence 
that they protect the organism against light, nor is there anything 
that would lead to the belief that (analogous to hemoglobin) they 
form a loose combination with the oxygen which under certain 
circumstances may be liberated. The pigment does not make it 
possible for the organisms to assimilate carbon dioxid as does the 
chlorophyll of the higher plants in the majority of cases. The best 
evidence, therefore, points to the conclusion that they are mere 
by-products that have no particular meaning to the organism. 

Beijerinck divides chromogenic bacteria into three classes: 

1 . Chro^nophoroiis bacteria, in which the pigment remains within 
the cell and has a certain biological significance analogous to the 
chlorophyll of higher plants. To this class belong the green bacteria 
and the red sulphur bacteria, or purple bacteria. 

2. Chroinoparous, or trne pig7ne7it-j\mnmg bacteria, which set free 
the pigment as a useless excretion, either as a color-body or as a 
leuco-body which becomes colored through the action of atmosx)heric 
oxygen. The cells themselves are colorless and may under certain 
conditions cease to produce pigments. To this class belong B. 
prodigiosvs and others. 

3. Parachrorne bacteria which form their pigment as an excretory 
product but retain it within their body, as B. janthisws and others. 

The chemical nature of pigments is not well understood, but it is 
known that they differ in solubility and are usually classified 
according to solubility in water, alcohol, chloroform, ether, benzol, 
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and other solvents. The pigment produced by Azotohacter chrod- 
coccimi is insoluble in all of these solvents but dissolves in alkalies 
undergoing decomposition with the formation of a dark brown 
solution. 

Heat.—Probably all bacteria liberate energy as heat in their 
metabolic process and there are a number which liberate it in suffi¬ 
cient amount perceptibly to change the temperature of the media 
in which they grow. This is exemplified in the heating of fermenting 
silage, manure, and hay. At times the temperature is raised to the 
kindling point with the result that spontaneous combustion may 
occur in hay and grain stacks. Bacteria generate considerable of 
the heat, but other chemical processes are also active. 



Fig. 14 .—Photogenic bacteria colonies on a plate photographed by means of their 
own light. (Lafar.) (Buchanan’s Household Bacteriology.) 


Light.—Sometimes one sees on the surface of decaying wood, 
fish, or various meats a bright illuminated surface which at times 
may be sufficient for the photographing of objects in an otherwise 
dark room. This is due to the growth of certain light-producing 
bacteria. Other organisms produce a beautiful phosphorescence. 
The organisms producing light are especially prone to occur in saJin^^ 
waters and are invariably aerobes. 
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CHAPTER IX. 


INFLUENCE OF TEMPERATURE AND LIGHT ON 
BACTERIA. 

Temperature influences life phenomena in two ways—chemi¬ 
cally and physically. Chemically, heat influences powerfully the 
reacting velocity within the cell and the aggregate condition of the 
molecules, or coagulation. Physically, temperature influences the 
viscosity of the liquids composing the cell. 

Temperature and Speed of Reaction.—According to the law of 
Van’t Hoff and Arrhenius, a chemical reaction is increased two or 
more times its original speed whenever the temperature is increased 
10 ° C. This holds good for the reactions in living organisms, within 
certain limits of temperature, as well as for non-living, as may be 
seen from the following table given by Clausen in which is recorded 
the number of milligrams of carbon dioxid produced by 100 grams 
of lupine seeds in one hour: 



Carbon dioxid 

Increase 

Temperature, 

produced. 

I or 10= C 

0° 

7.27 


<5 

13.87 


10 

18.11 

10.84 

15 

34.37 


20 

43.55 

25.44 

25 

58.76 


30 

85.00 

41.45 

35 

100.00 


40 

115.90 

30.90 

45 

104.45 


50 

46.20 

09.70 

55 

17.70 



The above table shows that for temperatures below 40° C. there 
is a general increase in the speed of the reactions with increases in 
temperature. However, at higher temperatures the amount of 
carbon dioxid diminishes rapidly with further increase in tempera¬ 
ture. This is very generally observed in enzymatic processes, as at 
temperatures over 60° C. enzymes are rapidly decomposed and 
many become immediately inactive when they are heated up to 
63° to 65° C. This may be due to the fact that the enzymes them¬ 
selves undergo hydrolysis which also would follow the temperature 
law of VanH Hoff and Arrhenius. Furthermore, enzymes are prob¬ 
ably protein and would undergo heat coagulation. This would 
reduce the reacting <^reas enzymes and fermentable sub- 
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increase in number near the freezing-point. Some bacteria of this 
t\'pe probal)ly play important roles in soil fertility and in the decay 
of foods in cold storage. 

3. MesoLliilic hacteria are those whose optimum temperature is 
between these two extremes. They comprise the great group of 
pathogenic organisms occurring in the bodies of men and animals. 
To this class also belong many of the decay and putrefying organisms 
found in the soil. All of the more important bacteria belong to 
this group. 

Three temperature limits may be distinguished for bacterial 
growth: (a) Mmiviimi, the lowest temperature at which bacterial 
growth will occur. This for the true thermophiles is about 40° C., 
for some pathogenic 29° C., and for the mesophilic as low as 0° C., 
or in solutions which do not solidify it may be even lower than this. 
(b) Optimum, that of most luxuriant growth. This, like the minimum 
temperature, varies greatly with the species, (c) Maximum, the 
highest temperature at which growth and multiplication can take 
place. This may be a few or many degrees above the optimum. 
Tor the thermophilic it may be as high as 89° C., whereas for the 
pathogenic bacteria it lies between 40° and 50° C. The growth of 
some pathogenic organisms at a high temperature for some time 
causes them to lose their virulence or disease-producing power, and 
is, therefore, made use of in the preparation of vaccines. 

The temperature relations are seen from the following table 
reported by Fischer: 



Temperature. 


Species. 


Minimum. 

Optimum. 

Maximum. 

Psychropliilic liacteria . 

0 

15-20 

30 

Many water bacteria. 

Mesophilic bacteria . 

15-25 

37 

43 

Pathogenic bacteria 
and others. 

Thormopliilic Ijactcria . 

25-45 

50-55 

85 

Spore-bearing bac¬ 

teria from soil, feces 
and thermal springs. 


The growth temperature range of an organism is the number of 
degrees difference between the minimum and maximum. This is 
very small with some bacteria like the gonococcus, the pneumococcus, 
the tubercle bacillus, and others which are highly susceptible to 
temperature changes and have the power of growing only within 
limits varying but a few degrees from the optimum. However, 
most pathogenic bacteria may grow at temperatures ranging 
between 20° C. and 40° C. Others, like the colon bacilli group, the 
Bacillus anthracis, and the Spirillum choleroe asiaticoe, may develop 
at temperatures as low as 10° C. and as high as 40° C. or over. The 
7 
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range of temperature at whicli saprophytic bacteria, including soil 
organisms, may develop is usually a far wider one. These points 
are well illustrated by the following table taken from Fischer: 



Temperature. 

Difference between Mini¬ 

Minimum. 

Optimum. 

Maximum. 

mum and maximum. 

B. phospliorescens . 

9 

20 

38 

29 

B. fluorescens 

5 

20-25 

38 

33 

B. subtilis .... 

6 

30 

50 

44 

B. anthracis .... 

12 

37 

45 

33 

Vibrio choleras 

10 

37 

40 

30 

B. diphtherias 

18 

33-37 

45 

27 

Mic. gonorrheas . 

25 

37 

39 

14 

Bact. tuberculosis 

30 

37 

42 

12 

B. thermophilis ... 

40 

60 

80 

40 


The fatal temperature may be even somewhat higher than this. 
It will vary with a number of factors, the condition of the organism 
playing a great part. For instance, Duclaux found that certain 
bacilli (Tyrothrix) found in cheese are killed in one minute at a 
temperature of from 80° to 90° C., whereas for the spores of the same 
bacillus a temperature of from 105° C. to 120° C. was required. 

Duclaux considers it erroneus to speak of a definite temperature 
as a fatal one; instead he considers it .better to speak of it as deadly. 
This is due to the fact that the length of time an organism is exposed 
to a high temperature is important. This is illustrated by the experi¬ 
ments of Christen on the spores of the bacilli of the soil and of hay. 
The spores were exposed to a stream of steam and the time noted 
which was necessary to kill the spores at the various temperatures. 

Temperature. Time reqired to kill spores. 


100° 

over 16 hours. 

105-110 

2 to 4 hours. 

115 

30 to 60 minutes. 

125-130 

5 minutes or more. 

135 

1 to 5 minutes. 

140 

1 minute. 


Moist heat is much more effective as a germicide than is dry 
heat. The probable explanation of this is that where dry heat is 
applied it must be high enough to decompose the organic constit¬ 
uents of the cell, the proteinaceous substance being in the form of 
the anhydride which can, in the presence of moisture, take up water 
according to the following equation: 

HN—R—COH—N—RCO + H^O - H2N--RCOH-™N-™-II~~~C(JOn 
I_1 

Two or more molecules of this hydrated protein would then con¬ 
dense with the formation of the non-reversible gel. 

2 H 2 NRCOHNRCOOH - H 2 N—R—COH—N—R COH—N—R COH NR™ 
COHNR—COOH +H 2 O 
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That moisture is essential for coagulation of proteins is illustrated 
by the following table from the work of Hiss and Zinsser: 

Ep:g albumen in dilute aqueous solution coagulates at 56° C. 

'' “ witli 25 per cent, water coagulates at 74°™80° C. 

« « « jg « .c 80°-"90° O. 

« “ « 6 “ “ 145° C. 

Absolute anhydrous albumin, according to Haas, may be heated 
to 170° C. without coagulation. 

Moreover, moist heat is much more penetrating than is dry heat. 
This is illustrated by an experiment carried out by Koch and his 
associates. Small packages of garden soil were wrapped with vary¬ 
ing thicknesses of linen with thermometers so placed that the tem¬ 
perature under a definite number of layers could be determined. 
These were exposed to hot air and steam for four and three hours, 
respectively, with the following results: 




Time of 
application. 

Temperatures reached within thicsknesses of linen. 


Temperatures. 

20 thick¬ 
nesses. 

40 thick¬ 
nesses. 

100 thicknesses. 

Hot air 

o 

o 

o 

p 

4 hours 

o 

CO 

oo 

72° 

1 

Below Incomploto 

70° sterilization 

Steam . 

90°-105.3° C. 

3 hours 

101° 1 

1 101° 

101.5° Complete 
[ sterilization 


The comparatively low specific density of the steam enables it to 
displace the air from the interior of materials. Furthermore, when 
the steam comes in contact with the substance to be sterilized it 
condenses with a liberation of heat. This in the case of water vapor 
amounts to 536.6 calories. 

Although the spores of certain bacteria of the soil can withstand 
live steam for several hours, they may be destroyed in a few minutes 
or even instantaneously in compressed steam ranging in temperature 
from 120° to 140° C. ^ 

The germicidal action of the great majority of disinfectants is 
due to a chemical reaction taking place between the protoplasm of 
the bacterial cell and the germicide. This reaction follows the 
temperature law of VanT Hofl* and Arrhenius. Flence, the mere 
raising of the temperature a few degrees of a sugar, salt, acid or 
alkali solution makes of it a disinfectant. 

Thermal Death Point.—The thermal death point of an organism 
is the lowest temperature that will certainly destroy it under definite 
conditions. These conditions are time (which is generally taken as 
ten minutes), amount of moisture present, the reaction and com¬ 
position of the medium in which the organism is heated^ and the 
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presence or absence of spores. The thermal death point of bacteria 
varies with the specific character of the organism (some organisms 
being much more resistant to heat than are others) and the age of 
the culture, young cultures being more resistant than older cultures 
which have not formed spores, especially when heated in the prod¬ 
ucts resulting from their metabolism. 

Cold.—It has been shown that the criterion for death is the non¬ 
reversibility of the change brought about by the agency in question. 
Now, does the lowering of the temperature bring about irreversible 
changes in the protoplasm as does the raising of the temperature? 
It is known that even intense cold does not cause these irreversible 
reactions in proteins. Where death does occur in cold-blooded 
animals and in plants, it must be due to the formation of ice crystals . 
in the cells which may mechanically injure and kill them. This 
seems to be the case in the freezing of plants. Another irreversible 
change is connected with the thawing of the cells which have been 
frozen. Barring these two secondary and mechanical complications, 
the lowering of the temperatures does not seem to bring about 
irreversible changes in the condition of the protoplasm which are 
incompatible with life. 

When the temperature of the protoplasm becomes sufficiently 
low, for example, approximately 0° C., the velocity of the chemical 
reaction becomes so small that the manifestations of life cease. The 
same is the case where the water content is sufficiently decreased. 
This is the reason why seeds of higher plants and spores of bacteria 
can be kept alive so long. Lack of water may reduce the reaction 
velocity of the hydrolytic processes in these at ordinary tempera¬ 
ture to such an extent that it may become practically zero. So 
resistant are bacteria to low temperature that they may be frozen 
solid and kept in this condition for days and even weeks, and many 
survive. Many bacteria, including the typhoid and colon bacilli, 
will survive freezing for twenty-four hours in liquid hydrogen 
(—252° C.) and develop vigorously when brought into suitable 
media at an optimum .temperature. Bacteria do not lose their 
virulence when exposed to low temperatures, as is the case when 
exposed to comparatively high temperatures. There is, however, 
a tendency for the number of organisms gradually to decrease as 
they are kept in the frozen condition. When typhoid bacilli are 
frozen in water, approximately 90 per cent, of them die during the 
first week, 95 per cent, succumb by the end of four weeks; but from 
four to six months’ continuous freezing is required to kill all of the 
organisms. The speed with which bacteria disappear from a frozen 
medium varies greatly mth the nature of the medium. It is very 
slow in colloidal substances and much faster in crystalloids. Alter¬ 
nate freezing and thawing in colloids is much less disastrous to 
bacteria than the same treatment in aqueous solutions. It is prob- 
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able that tlie crystals formed in the frceziiiti; of water play a great 
part in the mechanical injuring of the bacteria. The freezing of the 
soil increases not only the number of bacteria within it, but the 
ammonifying and nitrogen-fixing powers of the soil. Whether or 
not this will vary with the water content of the soil has not A^et been 
answered, but it is likely that as the moisture content increased 
the greater would be the injurious influence of the low temperatures- 
Light.—That light greatly affects the metabolism of the living 
cell is well known. However, bacteria are even more sensitive to 
light than are most cells. Diffused daylight exerts a hindering eff'ect 


Fig. 15. —Thickly sown plate culture of typhus bacilli on agar-agar. Covered 
with paper letters and exposed to the sun’s rays for one and a half hours, then kept 
twenty-four hours in the dark, whereupon development of thickly congregated 
whitish colonies was found only at the parts covered by letters. (After li. Buchner.) 



upon bacterial growtli and metabolism, whereas direct sunlight is 
highly injurious to certain bacteria, many microorganisms being 
killed almost instantly when exposed to the full action of the sun’s 
rays. The different colors of the spectrum do not act alike. The 
longer rays, from red to green, are practically without influence 
upon bacteria, but the blue and violet rays have the most marked 
germicidal power. 

Since light has no effect upon bacteria in a vacuum, it has been 
inferred that the changes brought about in the bacterial cell are 
primarily oxidation changes which are incompatible with the life 
of the cell. This reaction is brought about more rapidly in those 
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cells wliicli contain ccaisulorahio faf, and fhi,: may hr fhr r«*n * * 
why some spores whi<*h coiPaiii an nily iih faiu-r are <•; 
sensitive to liglit. I><‘atli of fin* re*!! in man;, ra i*.. f # * 

ty])(‘. of coagulation like in*al eoagulation, tnr \\u\ i s has sfnnvii t i ^ - • 
protein solutions iii quart ver^rl., an* ruagulatf*f| hv expnsurf* ^ 
ultra-violent light. This c(ardhts of rjmr first* that of < 

turation, and second, agglutinafion, or fio(*rulaiiori. 


chapt:er X. 

EFFECT OF OTHER AGENTS ON BACTERIA. 


Eadium Rays.—Fernan and Paidi have shown that the exposure 
of proteins (serum albumin) in acid or alkali solution to radium 
radiations causes their coagulation. It is well known that the expos¬ 
ure of living tissue to these rays cause their destruction, and attempts 
have been made to treat certain bacterial diseases by their use, but 
so far without any great degree of success. The sterilization of milk 
and other foods by this method has been suggested, but its practical 
application appears to be improbable on account of the cost and 
uncertainty of the results. 

The fixation of elementary nitrogen by A. chrodcoccum is dis¬ 
tinctly increased when the air is activated by pitchblend, somewhat 
better results being obtained with weak than with stronger radio¬ 
active intensity. Attempts have been made to force higher plants 
by its use, but so far without any practical success. 

Rdntgen Rays.—Although rontgen rays are used in the treatment 
of microbial diseases of the scalp and skin, it has been conclusively 
shown that they are not even inhibitory, let alone fatal to the cells. 
This is seen from the results by Zeit, who found that bouillon 
and hydrocell-fluid cultures in test-tubes of non-resistant forms of 
bacteria was not killed rontgen rays after forty-eight hours' ex¬ 
posure at a distance of 20 mm., from the tube. Tubercular sputum 
exposed to these rays for six hours at a distance of 20 mm. from the 
tube caused acute miliary tuberculosis of guinea-pigs inoculated 
with it. The hopes that were entertained of being able to disinfect 
the diseased body by this means have not been realized. The clinical 
results which are sometimes obtained must be explained by factors 
other than their direct germicidal influence, possibly by the pro¬ 
duction of ozone, hypochlorous acid, extensive necrosis of the deeper 
layers of the skin and phagocytosis. 

Electricity.—The influence of electricity itself upon micro¬ 
organisms is probably very slight, but it is often difficult nicely 
to differentiate between purely electrical effects and chemical 
changes which are* produced in the media by the electric current. 
A direct current passing through a nutrient medium will cause an 
electrolysis which is usually manifest by the generation of acid on 
the positive electrode and alkali on the negative. The passing of 
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ail electric current through a sodium chlorid solution brings about 
an extremely complex change, as indicated in the following ec|nations: 

2Naa = 2Na -|- Ch 

2Na + 2HOH = 2NaOH -H H 2 

4C1 -h 2HOH = 4HC1 -f O 2 

2NaOH + 2Cl = NaClO 4* NaCl + H 2 O 

SNaClO = NaClOs + 2NaCl 

Many of the products so formed, if in sufScient concentration, are 
good germicides and would be, therefore, the agents causing deatli 
instead of the electricity doing it. Moreover, the passing of an 
alternate current through a medium may heat it sufficiently to kill 
many bacteria. When the solution is properly cooled the action 
of the current is practically zero. 

Zeit, who has made a very careful study of the effect of electricity 
upon bacteria, summarizes his findings as follows: 

'^1. A continuous current of 260 to 320 milliamperes passed 
through bouillon cultoes kills bacteria of low thermal death points 
in ten minutes by the production of heat —98.5° C. The anti¬ 
septics produced by electrolysis during this time are not sufficient 
to prevent growth of even non-spore-bearing bacteria. The effect 
is a purely physical one. 

‘‘2, A continuous current of 48 milliamperes passed through 
bouillon cultures for from two to three hours does not kill even 
non-resistant forms of bacteria. The temperature produced by sucli 
a current does not rise above 37° C. and the electrolytic products 
are antiseptic but not germicidal. 

^^3. A continuous current of 100 milliamperes passed througli 
bouillon cultures for seventy-five minutes kills all non-resistant 
forms of bacteria even if the temperature is artificially kept below 
37° C. The effect is due to the formation of germicidal electrolytic 
products in the culture. Anthrax spore’s are killed in two hours. 
Subtilis spores were still alive after the current was passed for three 
hours. 

“4. A continuous current passed through bouillon cultures of 
bacteria produces a strong acid reaction at the positive pole, due 
to the liberation of chlorin which combines with oxygen to form 
hypochlorous acid. The strongly alkaline reaction of the bouillon 
culture at the negative pole is due to the formation of sodium 
hydroxid and the liberation of hydrogen in gas bubbles. With a 
current of 100 milliamperes for two hours it required 8.82 mg. of 
sulphuric acid to neutralize 1 c.c. of the culture fluid at the negative 
pole, and all the most resistant forms of bacteria were destroyed 
at the positive pole, including anthrax and subtilis spores. At the 
negative pole anthrax spores were killed also, but subtilis spores 
remained alive for four hours. 
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‘'5. The eontiuuous eurrcnt alone, by means of J)uBois-lla,y- 
mond’s method of non-polarizing electrodes and exclusion of chemi¬ 
cal effects by ions in Kruger’s sense, is neither bactericidal not anti¬ 
septic. The apparent antiseptic effect on suspensions of bacteria 
Is due to electric osmose. The continuous electric current has no 
bactericidal nor antiseptic properties, but can destroy bacteria 
only by its physical effects—heat—or chemical effects—the produc¬ 
tion of bactericidal substances by electrolysis. 

6. A magnetic field, either with a helix of wire or between the 
poles of a powerful electromagnet has no antiseptic or bactericidal 
effects whatever. 

“7. Alternating currents of a three-inch Ruhmkorff coil passed 
through bouillon cultures for ten hours favor growth and pigment 
production. 

^'8. High frequency, high potential currents—Tesla currents— 
have neither antiseptic nor bactericidal properties when passed 
around a bacterial suspension within a solenoid. When exposed to 
the brush discharges, ozone is produced and kills the bacteria. ” 

The electric current is used in the purification of sewage, the 
sterilization of milk, the improvement of wines, and the purification 
of water. In all of these cases the effect is due to a chemical pro¬ 
duced by the electricity. The purification of water is due to the 
ozone formed, which in turn acts as an oxidizing agent toward the 
bacteria. Although expensive, it is one of the most effective means 
of rendering water safe. 

Drying,—The results which have been reported on the influence 
of drying upon bacteria are exceedingly divergent. This is due 
mainly to the fact that the influence exerted by drying varies with 
a number of factors, chief among which are: 

1. Bacteria that are killed in a few minutes in direct 
sunlight may live for weeks in a dark place or even in diffused 
light. 

2. Pauli and his associates consider death through 
drying as due to an oxidation process. They found that bacteria 
die much faster in pure oxygen than in air. Moreover, tliey found 
that the number of bacteria dying in unit time under constant con¬ 
ditions is proportional to the number surviving, therefore, com¬ 
parable with the simplest chemical processes, the monomolecular 
reactions. 

3. Thickness and Nature of the Medium in Which They Are 
Dried.—In a dried medium bacteria usually die quickly but may 
survive long in sputum or feces. Moreover, bacteria suspended in 
the extract from a rich clay loam before being subjected to desicca¬ 
tion in sand live longer than if subjected to desiccation after sus¬ 
pensions in a physiological salt solution. 

4. The More Complete the Drying the Shorter the Alternate 

drying and moistening is unfavorable. 
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5. The Higher the Temperature the Sooner the Bacteria Perish .— 
Death due to drying is probably in some cases due to a non-reversible 
reaction which follows the well-known temperature law of Van’t 
Hoff and Arrhenius. In other cases it is undoubtedly due to the 
increased osmotic pressure produced by the removal of the moisture. 

6. Old cultures, unless they be spore bearers, succumb sooner to 
drying than do young cultures. 

7. The influence of drying upon bacteria varies greatly with the 
species. Whereas the gonococcus, pneumococcus, spirochete of 
syphilis, cholera spirilla, and Pfeiffer bacillus can withstand drying 
only a few hours, the typhoid, diphtheria, and tubercle bacilli may 
survive days; and tetanus, anthrax, and many soil organisms may 
survive drying for months or even years. Ammonifying, nitrifying, 
and nitrogen-fixing bacteria have been isolated in great numbers 
from soils which have been kept in tight bottles air-dry for more than 
fifty years. Even the non-spore-forming types of Azotobacter will 
withstand desiccation over sulphuric acid for a considerable time. 

Osmotic Pressure.— Bacteria vary greatly in their ability to with¬ 
stand great osmotic changes. Some are qpickly plasmolyzed in 
solutions having low osmotic pressure, whereas others can grow in 
strong sugar or salt solutions. This factor plays a great part in the 
preserving of fruits by means of sugar, of pickles and cabbage by 
means of salt, and many fruits by drying. Those fruits which have 
the highest carbohydrate content, such as grapes and prunes, are 
especially easy to preserve by drying. 



Fig. 16. —Plasmolysis of various bacterial cells. (Buchanan’s Household 
Bacteriology.) 

Probably the great osmotic pressure in the soil solution of alkali 
soils plays a great part in retarding the bacterial activity of these 
soils. In this case, however, there is also a physiological factor in 
which the living protoplasm of the cell is so changed in its chemical 
and physical properties that it cannot function normally. It is 
found that equivalent osmotic concentrations of sodium and potas¬ 
sium salts act very differently upon some bacteria. 

Pressure.— Bridgman found that the application of very great 
hydrostatic pressure resulted in the coagulation of white of egg. 
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lie applied the pressure very slowly to avoid any rise in temperature 
due to the compression. That the effect is not due to heat is further 
demonstrated by the fact that it is more easily obtained at 0° C. 
than at 20"^ C. The application of five thousand atmosphei’es pro¬ 
duces stiffening of the white of egg; six thousand atmospheres 
applied, for thirty minutes, produced an appearance of the white 
resembling that of curdled milk; and seven thousand atmospheres’ 
pressure brought about complete gelatination. 

These facts seem to indicate that high pressure is fatal to many 
bacteria. Experiments have shown this to be the case. B, anihracis, 
B. pseudodi'phtherioe, M. 'pyogenes, var. aureus, and Oidium lactis 
survived after being subjected to a pressure of 2000 atmospheres for 
ninety-six hours. The pigment production and virulence of patho¬ 
genic organisms were either diminished or completely lost after such 
treatment. 

Successful attempts have been made to preserve fruit and vege¬ 
tables by exposing them to high pressure. Apple juice subjected 
to 4000 to 6000 atmospheres’ pressure for thirty minutes did not 
later develop gas. Peaches and pears exposed to this pressure did 
not spoil for five years. Those vegetables on which are found resist¬ 
ant spores could not be preserved by such pressures. It therefore 
appears that pressure high enough for the coagulation of the proteins 
is fatal to the less resistant bacteria. 

The power of resisting and actually functioning under high 
pressure is especially necessary for the denitrifying bacteria which 
live at the bottom of the ocean and return to the atmosphere the 
thousands of tons of combined nitrogen which is carried each year 
to the ocean from the soil and in the sewers. 

Shaking.—It is well known that proteins may be coagulated by 
shaking and that proteolytic enzymes undergo important modifica¬ 
tions under the influence of shaking. An active solution of proteo¬ 
lytic enzyme introduced into a reaction tube and agitated for two 
minutes may lose as much as 75 per cent, of its activity. After five 
minutes the disappearance is almost total. The effect of shaking 
varies with the speed, temperature, and reaction of the medium in 
which the ferment is placed. This phenomenon is known to be due 
to a coagulation or absorption of the substance, and it is quite 
possible that part of the influence exerted by shaking upon bacteria 
is due to this factor. It is known, however, that bacteria may be 
broken into the finest particles by the rapid shaking of cultures 
causing death at times by a disintegration of the cell body. 
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EFFECT OF CHEMICALS ON BACTERIA. 

Chemotaxis.—It has been repeatedly demonstrated that bacteria, 
like other free-moving organisms, are apparently attracted by cer¬ 
tain chemical substances in solution (positive chemotaxis), and 
repelled by others (negative chemotaxis). 

Pfeiffer, who was the first to study this phenomenon, developed a 
very simple and efficient method of studying it with bacteria. A 
capillary tube, sealed at one end and from 5 to 10 mm. long, is 
filled with a 5 per cent, slightly alkaline solution of Liebig’s beef 
extract or of peptone. The outer surface of the glass is carefully 
cleaned from any traces of the bouillon and is placed in a drop of 
water containing bacteria. In a few seconds the bacteria are found 
to thickly congregate around the open end of the capillary tube. 
According to the view held by Jennings, the swarming of bacteria 
around any point, where favorable nutrient conditions exist is not to 
be looked upon as due to a definite attraction exerted upon the 
bacterial cell, but as caused simply by the tendency to remain at 
those points where the conditions are favorable. But this does not 
seem to be the true explanation, for had the capillary tube been 
filled with sugar, or glycerin, which are the best foodstuffs and richest 
sources of energy, there would have been no such gathering of the 
the bacteria at the end of the tube. Moreover, a solution of 0.019 
per cent, potassimn chlorid plus 0.01 per cent, mercuric chlorid 
attracts bacteria by reason of the potassium which it contains, but 
they rush into the tube only to meet their death from the mercury 
salt. 

The explanation given by Loeb seems to be more reasonable: 
^'Theoretically, we may assume that if substances diffuse in air or 
in water, the particles move in a straight line away from the center 
of diffusion. If they strike an organism whose surface is affected 
by the diffusing substance on one side only, the contractile proto¬ 
plasm, or the muscles, turning the tip or the head of the whole 
organism toward that side, are thrown into a different state of con¬ 
traction from their antagonists. The consequence is a turning or 
binding of the tip of the head until symmetrical points of the chem¬ 
ically sensitive surface of the body are struck by the line of dif¬ 
fusion (or the diffusing particles) at the same angle. As soon as 
this occurs the contractile elements on both sides of the organ or 
organisms are in an equal state of contraction, and the animal will 



CHEM0TAXI8 


109 


bend or move in the direction of the lines of diffusion/' Why one 
substance should act positive and another negative is at present 
quite inexplicable. 

Chemotaxis can take place only in media which permit free 
movement and its sphere of action is comparatively small. Different 
kinds of bacteria b^^ no means react in the same way to the same 
substance. Furthermore, the action, whether positive or negative, 
chemotaxis or neutral, varies with the chemical. The salts of potas¬ 
sium are among the more active positive chemotactic substances, 
followed b,y sodium and rubidium. The alkaline earths are less 
effective. The influence of a salt is attributed mainly to its electro¬ 
positive constituent; asparagin and peptone are strongly chemo¬ 
tactic, whereas sugar and glycerin are inactive. 

Negative chemotaxis is noted when capillary tubes are filled 
with free acids and alkalies or with alcohol. In some salts the action 
of the acid radical and that of the base neutralize each other 
(ammonium carbonate and monobasic potassium phosphate). In 
this case the bacteria are neither attracted lior repelled by the sub¬ 
stance. 



Fig. 17. —Oxyfi:eii-loviiij>; liacleria infesting a tFroad of al^a lying in tlie inicro- 
spoctrum. The chlorophyll grannies contained in t.lu? alga cells are not shown, hut 
the spectrum lines arc given to denote the position of the siiectriim. Mag. 200. (After 
Engelmann.) 


Engelmann ingeniously made use of this phenomenon as a test 
for oxygen and the effect exerted upon assimilation by the dilferent 
parts of the solar spectrum. If a thread of algm and some aerobic 
bacteria are placed under an air-tight cover-glass, the bacteria are 
active; but if tlie preparation is kept in the dark the a(*tioii of tlie 
bacteria will cease, showing tliat all the oxygen has lieen consumed. 
If brought back to the light as the algte assimilate carbon dioxid 
with the elimination of oxygen the bacteria again become active. 
If exposed to the spectrum the greatest aggregation of bacteria 
occurs at the red end of the spectrum, indicating that the maximum 
assimilative activity of the algse protoplasm is proceeding at this 
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point. By means of this highly sensitive test as little as one-billionth 
part of a milligram of oxygen may be detected. 

It is quite possible that the phagocytes which play such a part 
in freeing the body of bacteria are directed or guided in their choice 
and perception by chemotaxis to the bodies which they ingest. 
The attraction of leukocytes toward the point of bacterial invasion 
is, in part at least, due to the properties of the bacterial proteins. 
This attraction is sometimes increased by injecting into the tissues 
at the point of infection some bland substance, such for instance as 
bismuth subnitrate. 

Disinfectants.—Of great interest are those substances which in 
minute quantities destroy the life of the cell. These substances 
when considered in their effects upon man and animals are called 
poisons. But when considered from the standpoint of micro¬ 
organisms they are called germicides. Analogous with the general 
term germicide, are the terms bactericide and fungicide. A disin¬ 
fectant is a substance which destroys the causative agent of infec¬ 
tion. Although disinfection may occasionally mean sterilization, in 
the majority of cases it does not. It implies the destruction of those 
minute forms of life which cause disease. 

Antiseptics prevent decomposition and decay. They do not 
necessarily destroy microorganisms; they prevent their growth and 
activity. One and the same substance may be a disinfectant under 
one condition and an antiseptic under another. Formalin in the 
proportion of 1 to 50,000 is an antiseptic, whereas it requires from 
3 to 10 per cent, solution to be a disinfectant in a reasonably short 
time. Mercuric bichlorid in the proportion of 1 to 300,000 will 
sometimes prevent the germination of anthrax spores. Yet it 
requires a 1 to 1000 solution to kill them. 

The term preservative is usually applied to those substances 
which are added to foods, feeding-stuff, and substances of similar 
origin with the intention of preventing decomposition or decay. 
These may be either comparatively poisonous—benzoic acid, boric 
acid, salicylic acid, formalin, or sulphates—or the non-poisonous 
substances—common salt or sugar. The method of action of the 
two is markedly different, the first combining with the protoplasm 
of the cell, the second acting through increased osmotic pressure. 

Deodorants are substances which have the power of destroying 
or masking unpleasant odors arising from putrifying or fermenting 
organic matter. Deodorants destroy odors, disinfectants destroy 
germs. A deodorant may or may not be a disinfectant. Formalin 
is a good disinfectant^ and deodorant, whereas charcoal is a good 
deodorant but has no value as a disinfectant. 

classification of disinfectants is difficult, inasmuch as we do 
\derstand in many cases their complete mode of action. 
vtT, almost any compound, if used in sufficient concentration, 
zt as au antiseptic if pot as a disinfectant. The methods 
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most often used in classification are according to either composition 
or mode of action. The simplest method is by chemical structures 
and qualities under which are distinguished the following natural 
groups: acids, alkalies, metallic salts, hydrocarbons, alcohols, 
aldehyds, anesthetics, essential oils, and oxidizing and reducing 
agents. The first three—acids, alkalies, and salts—are distinguished 
from the rest by being electrolytes. The strength of acids and alka¬ 
lies is dependent upon the hydrogen or hydroxyl ion concentration 
with the metallic salt; the action is dependent upon the nature of 
the metallic ion and the degree of electrolytic dissociation. 

Rosenau classified disinfectants according to mode of action as 
follows: (1) Those compounds which destroy by oxidation, as ozone, 
chlorinated lime, potassium permanganate, and the halogens. 
(2) The destruction by ionic poison with coagulation, as the metallic 
salts, mercury, and lead salts. (3) Destruction by coagulation and 
poisoning not ionic in character, as carbolic acid and its derivatives. 
(4) Destruction by emulsoid action, that is, through Brownian 
movement and adsorption; soap solutions and creolin. 

Laivs Governing the Action of These have been 

mainly worked out by Chick who found that disinfection is an 
orderly time-process, which may be considered analogous with a 
chemical reaction, viz., a reaction between the bacterium on the 
one hand and tlie disinfectant on the other. In the ideal case disin¬ 
fection proceeds in accordance with some rule analogous to the mass 
law, so that if the disinfectant is present in large excess, disinfection 
rate at any moment is proportional to the concentration of bacteria 

(— = Kn, where n is the concentration of bacteria at the time i, 

and K is a constant, dei)ending on the temperature concentration 
of disinfectant, etc.). 

The velocity of disinfection increases with rise in temperature in 
an orderly manner according to the well-known equation of Arrhe¬ 
nius. Some idea of the magnitude of the effect of temperature may 
be gained from the fact that with metallic salts the mean velocity 
of disinfection increases two- to four-fold for a rise in temperature 
of 10° C., whereas with phenol it was as high as eight-fold, using 
B. paratyphosus as the test organism in each case. Hence, the use 
of a disMectant at a comparatively high temperature, other things 
being equal, is more eft'ective than its use at a low temperature. In 
reality, a solution which, at one temperature is only an antiseptic 
may become a disinfectant by a small increase in temperature. 

The efficiency of a disinfectant varies with the moisture. A dry 
I)oison has but slight action on microorganisms. For this reason, 
dry formaldehyde gas is practically without effect. In a similar 
manner absolute alcohol has not nearly the same germicidal power 
as has 50 to 70 per cent, alcohol. This is probably due to the 
absolute alcohol coagulating the outer membrane of the organism 
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and thus prevents the poison from diffusing into the vital part. 
The burning of sulphur in a dry atmosphere has little if any effect 
upon bacteria, but in the presence of moisture there is formed 
sulphurous acid which is a rather efficient disinfectant. 

The germicidal property of salts of the heavy metals, acids, and 
alkalies is governed in a large measure by the degree of ionizatioUo 
Mercuric chlorid in water is a good disinfectant, but in alcohol has 
little or practically no germicidal properties. The addition of sodium 
chlorid to mercuric chlorid increases the solubility of the latter and 
yet decreases its germicidal power. This is due to the fact that there 
is formed a double salt: 

2NaCI 4- HgCn = NaoHgCL, 

This is poorly dissociated by steps into Na + NaHgCLi, Na -f 
_ _ _ 

HgCb, Hg + 4C1. The number of Hg ions formed is very small, 
therefore, in the presence of sodium chlorid. 

As a general rule the addition of a common negative ion decreases 
the number of ions of the metal going into solution. If mercuric 
chlorid is shaken with water, the salt dissolves until there is an 
equilibrium between the solid phase and the undissociated molecules 
in solution. As the molecules dissociate, the equilibrium is dis¬ 
turbed and more of the solid dissolves to restore it, until a second 
equilibrium is established between the ions and the molecules. 
These equilibria may be expressed by the equation 


[Hgq X [cir 

[HgCU] 


a constaut; 


since the concentration of the undissociated molecules is constant. 
So long as there is any undissolved salt, the equation becomes 

Hg X Cl = a constant. 

If we add NaCl, the Cl will increase the concentration of the (-1 
ions which will combine with the Hg, giving HgCb, which will 
crystallize out. Moreover, in this case the NaCl combines witli the 
HgCb giving the Na 2 HgCl 4 which greatly decreases the Hg ions in 
solution. The effect of this on the disinfecting power of different 
dissociated salts of mercury on anthrax spores is indicated in the 
following from Paul and Kronig: 


Salt. 

Concentration. 

Colonies after 20 
minutes’ exposure. 

Colonies after 85 
minutes’ exposure. 

Colonies after 90 
minutes’ exposure. 

Hgcn . . 

1/64 mol. 

7 

0 

0 

HgBra 

1/64 mol. 

34 

0 

0 

HgCii2 . 

1/16 mol. 

0 

33 

0 

K2HgCl4 . 

1/16 mol. 



0 

K2HgBr4 . 

1/16 mol. 



5 

KsHgU . 

1/16 mol. 



389 

K2HgCn4 . 

1/16 mol. 



1035 
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The power of a disinfectant to kill bacteria is dependent in a 
remarkable degree upon the nature of the medium in which bacteria 
are present when the germicide is applied. Almost invariably the 
greatest germicidal activity is shown when the substance acts upon 
the bacteria freed from all contaminating culture media and sus¬ 
pended in distilled water or salt solution. The presence of proteins, 
peptones, and similar substances usually cause a great reduction in 
the germicidal powers of the substance. This is also the case in the 
presence of pus, many of the organisms being partly digested in 
the body of dead leukocytes. This property is illustrated by the 
following table reported by Dakin and Dunham. The — sign 
indicates sterilization as indicated by negative subcultures, and the 
+ sign incomplete sterilization. 



This decreased efficiency in the presence of a protein is variously 
explained. In the case of such disinfectants as phenol and the dye¬ 
stuffs, it is frequently stated that the disinfectant is ''quenched*' 
or "fixed** by the protein medium. Adsorption in some cases may 
play a part, but in the case of salts of the heavy metals, they com¬ 
bine with the protein giving an insoluble non-ionizing proteinate. 
The low germicidal action shown by most antiseptics against pus 
is due in part no doubt to the mechanical difficulties of penetrating 
the mucoid particles in the pus. 

Young cultures of bacteria are usually more resistant than are 
older cultures. This is especially true when the disinfectant is 
applied to cultures living in the products resulting from their 
metabolism. Cultures, the organisms of which form spores, become 
more resistant to disinfectants as the spore stage is reached. 

Emulsions as a rule have greater germicidal power than have 
solutions. According to Chick and Martin, emulsions or soapy 
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Or it may be that the extra bonds of the nitrogen in the imino 
group is utilized: 


R 

I 

H~~C—NH 2 

I 

C = O ■+ CI 2 

I 

NH 

I 

H—C—C(30H 


R 

I 

H—C—NH 2 

I 

c = o 
l/H 
N~C1 

|\ci 

H—C—COOH 


R 


R 


according to this explanation hypochlorous acid may react without 
decomposing into chlorin: 


R 

I 

H—C—NIR 

1 

C = 0 . + HOCl 

I 

NH 

I 

H—C^COOH 

I 

R 


R 

I 

H—c:--nh2 

I 

c = o 
l/H 
Nf-H 
I \0—Cl 
H—C—COOH 


R 


In any case the chemical and physical properties of the protoplasm 
would be so changed as to be incompatible with the life processes of 
the microorganisms. 

Compounds containing the group—NCi—belong to the class of 
chloramins. Their chlorin is still active and they are themselves 
active germicides. Such compounds have been studied thoroughly 
by Dakin who used them extensively in the disinfecting of wounds 
in the great European war of 1914-18. 

Chlorinated lime, or bleaching powder, may be taken as a type 
of the chlorin disinfectants. Its precise chemical composition is 
not known although calcium oxychlorid (CaOCb) is now generally 
accepted as being the essential agent of dry bleaching powder and 
calcium hypochlorite (Ca(OCl) 2 ) to be the active germicide of the 
solution. Although the reactions which occur are quite complicated, 
it is certain that the active substances are nascent oxygen, chlorin, 
and hypochlorous acid, and are probably formed as follows: 

2 CaOCl 2 = Ca(OCl)2 + CaCl2 

Ca(OCl)2 + H2CO3 = CaCOa + 2 HOC 1 

2 HOC 1 = 2 HCI + O2 

2 HOCn = H2O + CI2 -f O 

The substance is extensively used in the disinfection of sewage, 
outhouses, cellars, and for miscellaneous purposes. Since 1908 it 
has been used rather extensively in water purification. In practice 
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from 5 to 12 or more pounds of bleaching powder is used to each 
million gallons of water. It cannot be detected by the sense of taste 
provided the amount does not exceed 25 pounds to 1,000^000 gallons. 
Waters containing considerable organic matferial of any kind give 
rise to amins, chloramins, and other compounds with unpleasant 
flavors. The method, however, is cheap, reliable, efficient, harmless, 
and easy of application. 

Formaldehyd -is one of the best volatile antiseptics. If used in 
sufficient concentration and under proper conditions it can be 
depended upon for surface disinfection. Although more penetrating 
than sulphur dioxid, it is not suflScient to depend upon in deep layers 
of cloth and similar bodies. It does not rot nor bleach fabric nor 
tarnish metal as does sulphur dioxid. Moreover, formaldehyd 
unites with nitrogenous substances forming new chemical compounds 
which are both sterile and odorless. It is, therefore, good both as a 
germicide and as a disinfectant. 

Although there are numerous methods of using, one of the best 
is that recommended by the Pennsylvania Department of Public 
Health: 


Sodium dichromate.10 oz. 

Formalin.16 oz. 

Commercial sulphuric acid.1§ oz. 


The sulphuric acid is added to the formalin and the mixture poured 
over the crystals of sodium dichromate causing immediate liberation 
of formaldehyd gas. Five hundred c.c. of formalin and 250 gm. of 
sodium dichromate should be used for each thousand cubic feet of air. 
The floor should be protected against the heat by placing the bucket 
upon a brick or other suitable device. 

Sulphur Dioxid.—Sulphur dioxid is not very efficient as a germicide; 
it is, however, an effective insecticide. It is also good to use against 
diseases spread by rats, mice, flies, fleas, mosquitoes, etc. 

Its action as a germicide depends upon the presence of moisture. 
The dry gas is practically inert against bacteria. It cannot be 
depended upon where penetration is required, its action being merely 
upon the surface. It does not kill spores. Moreover, it is a bleaching 
agent and tarnishes metals. In sterilization by means of sulphur, 
time is an important factor. The things to be disinfected should 
be exposed for eight hours to an atmosphere of at least 4 per cent, 
by volumes of sulphur dioxid gas in the presence of water. This 
requires the burning of 4 to 5 pounds of sulphur for every 1000 cubic 
feet of air space. About one-fifth of a pound of water should be 
volatilized for every pound of sulphur used. 

One method of using it follows: The required quantity of sulphur 
is placed in a pan which is put into a second larger pan containing 
water. The sulphur is made into little craters and liberally soaked 
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with alcohol. It is well to place the generator on a table or box as 
sulphur dioxid is heavier than air and hence tends to sink and would, 
therefore, extinguish the flame if placed on the floor. 

Hydrocyanic acid gas is an extremely powerful insecticide, but 
a poor germicide. It is used rather extensively against mosquitoes, 
lice, bedbugs, and roaches, but on account of its highly poisonous 
nature it must be used with extreme caution. It is effective against 
bacteria no hardier than those of diphtheria and typhoid, but it 
cannot be depended upon as a general disinfectant. 

Mercuric chlorid is one of the best known and most effective of 
the metallic salt disinfectants. A solution of 1 to 1000 is ample 
for the destruction of all non-spore-bearing bacteria, provided it 
comes in direct contact with the organisms for some time. It is 
especially valuable for disinfecting the hands and for washing floors, 
woodwork, and furniture. It attacks metals and hence cannot be 
used to disinfect them; it is rendered inactive by protein substances; 
it acts on bacteria by a coagulation of the protoplasm. 

Its germicidal value as usually given is too high. This is due to 
the fact that it may inhibit the growth of bacteria and in the planting 
of the cultures the metallic salt is carried over into the new medium, 
there preventing growth but not necessarily killing the organism. 
The explanation of this is given by Miss Chick who found that if 
bacteria are subjected to the action of 1:1000, 1:10,000, or even 
weaker solutions of mercuric chlorid, there is an interval during 
which some at least of them may be resuscitated by the timely 
administration of an antidote—in this case a sulphid solution. If, 
however, this antidotal treatment is not employed, no amount of 
subsequent dilution beyond the limits of inhibition can prevent the 
death of the organism. 
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was added eiioiigii arsenic in the form of zinc arsenite to make 100 
grains of arsenic. These were carefully mixed and allowed to stand 
for some time, after which an examination was made for soluble 
arsenic. The analysis revealed tlie fact that 14 per cent, of the lead 
arsenate, 30 per cent, of the zinc arsenite, and over SO per cent, of 
the Paris green were in the water-soluble form. 

x4rsenic being in the soil, some soluble and some insoluble,, very 
naturally suggests the question as to what effect it has upon the 
bacteria of the soil. Any factor which influences the bacterial 
acti\nties must indirectly influence the cro]) yield. 

Extensive studies have been made on the influence of various 
arsenic compounds upon the bacterial flora of the soil with the result, 
that arsenic was found to be a vStimulant in low concentration and 
toxic only in larger'qiiantities. The extent of stimulation and toxic¬ 
ity varies greatly witli the sj^ecific type of organism and the form 
in which the arsenic is applied. 

Ammonifiers.—Experiments on ammonifiers show that this class 
of bacteria are not at first poisoned by the arsenic, but their speed 
of action is increased. The actual results showed that whereas the 
untreated soil produced in unit time 100 parts of ammonia, soil to 
which 60 pounds of arsenic an acre was applied produced 103 parts 
of ammonia in the same length of time. And it was not until 2500 
pounds of arsenic an acre was applied to the soil that the production 
of ammonia was reduced to one-half. The Paris green, on the other 
hand, retarded the action of this class of bacteria even in the lowest 
concentration added, and by the time GOO pounds an acre had been 
applied the ammonia produced in unit time had been reduced to 
one-half normal. This poisonous action of arsenic on bacteria is in a 
direct relationship to its solubility. An extremely large quantity 
of lead arsenate would have to be a])plied to a soil before it would 
interfere with arnmonification. 

Nitrification.—The nitrifying flora of a vsoil are more rcvsistant and 
are stimulated to a greater extent by arsenic than are the ammoni¬ 
fiers. Tests made in soil have shown that whereas untreated soil 
produced 100 parts of nitrates in unit time, the same soil to which 
had been added arsenic in the form of lead arsenate at the rate of 
120 pounds an acre produced 178 parts of nitrates. In other words, 
in place of being injured by the arsenic, the bacteria were nearly 
twice as active in the presence of this quantity of arsenic as they 
were in its total absence. It was not until more than 700 pounds 
of arsenic, in the form of lead arsenate, an acre, had been applied 
to the soil that the bacterial activity fell back to 100. Even when 
arsenic in the form of lead arsenate was applied at the rate of 3500 
pounds an acre there was 68 per cent, as mucli ammonia produced 
as in the untreated soil. The Paris green gave similar results. The 
untreated soil produced 100 parts of nitrates in given time, while 
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similar soil to which arsenic in the form of Paris green was added 
produced, under the same condition, 129 parts of nitrates. When, 
however, higher concentrations of arsenic in the form of Paris 
green were added it became toxic, and eventually stopped all 
bacterial activity; but the quantity added had to be so large that 
it is not likely that sufficient would ever occur under agricultural 
practice. 

Arsenic, then, does not injure the ammonifying or nitrifying 
organisms of the soil. But how about the other benefi.cial bacteria 
of the soil? What effect has it upon them? 

Nitrogen Fixation.—There are 75,000,000 pounds of atmospheric 
nitrogen resting upon every acre of land, but none of the higher 
plants have the power of taking this directly from the air. Certain 
bacteria, however, can live in connection with the legumes and 
assist them to take nitrogen from the air. Then there is another 
set of nitrogen-gathering organisms which live free in the soil, and 
which may, under ideal conditions, gather appreciable quantities 
of nitrogen. It is rather possible that much of the benefit derived 
from the summer fallowing of land is due to the growth of this class 
of organisms in the soil and storage by them of nitrogen for future 
generations of plants. In such soils they are both more active and 
are also found in greater numbers. M the work put on soil to 
render it more porous reacts beneficially upon these organisms. 
They not only require atmospheric nitrogen and oxygen, which are 
absolutely essential to their life activities, but they must obtain 
them from within the soil, for the minute organisms cannot live 
upon the surface of the soil because to them the direct rays of the 
sun means death. How does arsenic influence this class of organisms 
which are so beneficial to the soil, but which are so much more 
sensitive to adverse conditions than are the other kinds of bacteria? 
Arsenic in the form of lead arsenate, zinc arsenite, and arsenic 
trisulphid stimulate these bacteria. When arsenic in the form of lead 
arsenate was applied to the soil at the' rate of 500 pounds an acre, 
the nitrogen-fixing organism gathered twice as much nitrogen in 
unit time as it did in the absence of arsenic. The Paris green, 
however, is poisonous to this group of organisms in the minutest 
quantities. This is most likely due to the copper rather than to the 
arsenic in the compound. 

How Does the Arsenic Act?—It may, therefore, be concluded that 
arsenic stimulates all the beneficial bacteria. But how does it act? 
Will it stimulate for a short time and then allow the organism 
to drop back to its original or to a lower level as does alcohol and 
various stimulants when given to animals? Will it act as does 
caffeine—continue to stimulate? From the results on men and 
horses the former might be expected, for although the arsenic eaters 
of India and Hungary maintain that the eating of arsenic increases 
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their endurance, and there is considerable evidence to indicate this, 
it is only for a short time. If the use be discontinued the arsenic 
eaters cannot endure as much physical exertion as can others who 
are not addicted to the drug. Many European horse dealers place 
small quantities of arsenic in the daily corn given to the horse, for 
they find it improves the coat of the horse. If a horse, however, has 
been doped on arsenic for a long time it seems necessary to continue 
the practice; otherwise, the animal rapidly ‘fioses his condition.’’ 

Similar results might be expected with the bacteria, and exj)eri- 
ments have sliowm that although during the first few weeks tlie 
bacterial activity of soils containing small quantities of arsenic is 
much greater than it is in a similar soil without arsenic, this activity 
continues to get less and less, until at the end of several weeks it is 
no greater than in soil containing no arsenic. It is interesting to 
note that if proper aeration is maintained bacterial activity never 
becomes lower than in untreated soil. 

Now why this stimulating influence of arsenic upon soil bacteria? A 
similar condition has been found to exist when soils are treated with 
carbon bisulphid, chloroform, or other disinfectants, or even when 
the soil is heated. Many theories have been offered to account for 
it, but pi'obably the most interesting is the one held by Russell and 
Hutchinson. They maintain that within the soil are microscopic 
plants, bacteria, and also microscopic animals, protozoa. The 
minute animals are continually feeding upon the minute |)]ants, 
with the result that the bacterial plants cannot multiply a,s they 
could in the absence of the protozoa. Now when a weak solution 
of an antiseptic is applied to the soil it kills many of the protozoa, 
and the bacteria being no longer preyed upon by their natural foe 
rapidly multiply. As the antiseptic evaporates the few remaining 
protozoa start to multiply and soon are able to keep in clieck tlie 
bacterial flora of the soil. So within the soil one species preys upon 
another. It is possible that microscopic forms of life wage within 
the soil battles as terrific as those waged by the higher forms of life 
upon the earth’s surface. 

It is likely that this is one of the ways in wliich. arsenic stimulates 
the bacterial activities of the soil. It acts more readily upon the 
protozoa than upon the bacteria. After the arsenic has been in the 
soil for some time it may become insoluble or some of it may be 
changed by molds into a gas arsine and pass into the air. Then the 
few protozoa which have not been destroyed by its presence rapidly 
multiply and soon hold the bacteria in check. 

This, however, is not the only way in which arsenic acts, for pure 
cultures of the Azotobacter have been obtained from these soils, and 
it is found that these are so stimulated that they bring about greater 
changes in the presence of arsenic than they do in its absence. This 
is due to the action of the arsenic upon these minute specks of living 
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protoplasm, causing them to utilize their food more economically 
ill the presence of arsenic than in its absence. This is similar to the 
influence of the arsenic upon tlie cells within the Imrse. 

Other experiments have demonstrated that the addition of arsenic 
to a soil increases the liberation of the insoluble plant-foods of the 
soil, especially of the phosphorus. Thus arsenic by various means 
stimulates all the bacterial activities of the soil, and these increased 
activities, as experiments have shown, are reflected in greater crops. 
This increased growth must be looked upon as due to a stimulus 
and not to the direct nutritive value of the substance added. Soils 
so treated would produce larger crops and wear out more quickly 
than would untreated soils. It is interesting and important to know 
that arsenic has to be applied to a soil in enormous quantities before 
it retards microscopic plant life, and probably before it retards the 
growtli of higher plants. 

The data available prove conclusively that the arsenical com¬ 
pounds, with the single exception of Paris green, stimulate the 
nitrogen-fixing organisms of the soil and that this influence varies 
qualitatively but not quantitatively with the various soils. The 
results also bring out the fact that both the anion and the cation of 
the compounds have a marked influence upon the growth of the 
organisms. With some compounds both the anion and cation act 
as stimulants, but with other compounds one stimulates and the 
other retards. It is likely that little or no influence is exerted ui)on 
the nitrogen-gathering organisms by the sodium of sodium arsenate 
and that the stimulating influence noted with dilute solutions and 
the toxic influence exerted with more concentrated solutions are due 
entirely to the arsenic. It is rather likely that the stimulating 
influence which Iliviere and Bouilhac have found sodium arsenate 
to have upon wheat and oats is an indirect effect which is exerted 
upon the bacterial flora of the soil and winch in turn influences the 
yield of the various grains. 

Both the anion and cation undoubtedly act as stimulants in the 
lead arsenate. Stoklasa has shown that lead when present in soil 
stimulates the growth of higher plants. This he ascribes to the 
catalytic action of these elements on the chlorophyll. The results 
reported indicate that it is due to the influence of the compounds 
upon the biological transformation of the nitrogen in the soil. The 
fact that the lead plays no small part in the stimulating influence 
is borne out by the work of Lipnian and Burgess who found lead to 
stimulate nitrifying organisms. 

Paris green is toxic to the nitrogen-fixing organism in the lowest 
concentration tested. This is due to the copper and not to the 
arsenic, as it is well known that the copper ion is a strong poison 
to many of the lower plants. Brenchley found it to be toxic to 
higher plants when present in water to the extent of one part in 
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4,000,GOO,000. Although Eussell states that it is not as toxic in 
soil as in water, Darbishire and Kiissell foiiiul it to be toxic in soils, 
and tliey failed to get a stiinulating influence mth it. Monte- 
inatini has noted a stimulation witli copper sul})hate when used in 
dilute solutions. This, however, may have been due to the anion 
and not to the cation, as sulphates do stimulate plants by their action 
on insoluble constituents of the soil. The same interpretation could 
be placed upon the results obtained by Lipman and Wilson and also 
those reported by Voelcker in which they noted a stimulation with 
copper salts. Clark and Gage have found that very dilute solutions 
of copper have an invigorating influence upon bacterial activity. In 
order that the stimulation may be noted the copper must be present 
in small quantities. Jackson found that 1 part of copper sulphate 
in e50,000 parts of water kill Bacillus coli and Bacillus typhosus. 
Xellennann and lleckwith found that the common saprophytic 
bacteria are more resistant to copper than is B. coli. There is con¬ 
siderable evidence that copper stimulates the ammonifying and 
nitrifying organisms of the soil, but these results show the nitrogen¬ 
fixing organisms of the soil to be very sensitive to copper, and if it 
is to act as a stimulant it must be in extremely dilute solutions. The 
toxicity of the copper in the Paris green is great enough in the 
dilution of 10 parts in 1,000,000 to offset the great stimulating 
influence of the arsenic in coml)ination with it. 

The marked stimulating infliience noted where the arsenic trisul- 
phid is used is very probably due to the stimulating action of both 
the arsenic and sulphur. Demolon attributed much of the fertilizing 
action of sulphur to its action upon bacteria, and Vogel found that 
sulphur decidedly increased the acti'vdty of the nitrogen-fixing organ¬ 
isms. The results which Pussell and Hutchinson obtained with 
calcium sulphid are interesting in this connection. They found that 
after tliirty days tliere were five times as many organisms in a soil 
to which calcium sulphid had been added as in an untreated soil, and 
the yield of ammonia and nitrates in the same length of time was 
one-third greater in the treated soil than in the untreated soil. This 
in turn reacts upon the crop harvested, as shown by Sliedd. 

The first part of the curve for zinc arsenite nearly coincides with 
that of sodium arsenate, save that zinc arsenite stimulates in greater 
concentrations than does sodium arsenate. This is partly due to 
the difference in solubility of the two compounds, but there is 
another factor-—that the zinc also acts as a stimulant. Latham 
found that small quantities of zinc stimulated algm. The same 
results have been obtained by Silberberg in working with higher 
plants. ' Ehrenberg concludes that zinc salts are always toxic when 
the action is simply on the plant, but that they may lead to increased 
growth through some indirect action on the soil. He found that zinc 
stimulated plant growth in soils, but when the soil was sterilized the 
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tion. The graphs also bring out the fact that adding arsenic and 
filtering the soil only shift for the time the equilibrium within the 
soil, which later tends to regain its old equilibrium. This is a condi¬ 
tion that coincides well with what would be expected if the limiting 
element were some other microscopic forms of life. The filter 
would not separate them quantitatively, and it is possible that the 
arsenic has only a selective influence. Later, many of the organ¬ 
isms become accustomed to its presence; or, what is more likely, the 
arsenic becomes fixed within the soil. 

That this limiting factor is a thermolabile body is brought out 
more clearly by Fig. 19. The quantity of nitrogen fixed by the 
unheated soil receiving no arsenic has been taken as 100, the heated 
soil with and without arsenic being compared with this. 



HEATED 


Fig. 19.—Graph showing the effect of the heat on the nitrogen-fixing power of soil 
treated and not treated with arsenic. 


The heating of the soil extract to 50° C. for fifteen minutes lias 
exactly the same influence measured in terms of nitrogen fixed as 
does 0.0728 gm. of lead arsenate. The stimulating influence of heat 
is noted even in the presence of arsenic and reaches its maximum 
effect in the absence of arsenic at 60°, and in the presence of arsenic 
at 65° C. Above these temperatures there is a decline in the nitrogen 
fixed. Even soils inoculated with solutions which liad been heated 
to a temperature of 85° fixed nitrogen; at least there is more nitrogen 
accumulated in such soil than in that inoculated with the untreated 
soil solution. The results indicate that many of the organisms which 
take part in the gathering of nitrogen in soils are very resistant to 
heat. It is also significant that the greatest stimulating influence 
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is exerted in soil which had been inoculated with solutions heated 
just above that point which Cunningham and Lohnis found to be 
the thermal death point of soil protozoa. 
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CHAPTER XIII. 


EFFECT OF IIEx4T AND VOLATILE ANTISEPTICS ON 
SOIL BACTERIA. 

Soils are often lieated, steamed, or treated witli volatile or non¬ 
volatile antiseptics both for experimental and practical purposes. 
The process is not sufficient to destroy all forms of life wdthin the soil. 
It only destroys some of the weaker species and tlie aim is usually to 
destroy an injurious species. Yet the process is often referred to 
as sterilization. In view of tlie fact that they fail to render the soil 
sterile, some workers prefer the terms partial sterilization or pas¬ 
teurization, which more accurately describe the process. 

Although it was well known that the kiln-burning of clay produced 
a far-reaching chemical and physical effect, yet soil investigators 
considered that tlie process of sterilization produced no change 
either in the mechanical nature or chemical composition of a soil 
until the work of Frank appeared in 18(S(S. He found that heated 
soils contained a great deal more soluble matter than unheated soil, 
peaty soils containing more than twice as much and heated sandy 
soils not quite twice as much. This increased soluble matter he 
considered sufficient to account for the increase in crops which was 
often found to follow the heating of a soil. 

A great impetus was given to the Avork in 1894 by Oberlin in 
(jermany and (urard in France who found that the application of 
carbon bisulphid increased tlie crop-producing power of the soil. 
Oberlin found that \dneyards treated AAuth carbon bisulphid to kill 
phylloxera showed greatly increased productiAuty after the treat¬ 
ment, and he founded on this his system of grape culture, where 
fallowing and rotation could be dispensed Avith in the resetting of 
vineyards. Girard noticed that soil treated Avith carbon bisulphid 
for the purpose of combating a parasitic disease of sugar-beet was 
more productive than it was before such treatment. The beneficial 
influence of the treatment extended even into the second year. 
These facts stimulated investigation and created much discussion, 
particularly as to the manner of its action. No working hypothesis 
was, however, formulated until 1899 when Koch announced his 
direct “stimulation theory,'' since which time numerous theories 
have been formulated to account for the noted phenomena. 

Influence on Plant.—The use of carbon bisulphid at the rate of 2904 
pounds an acre resulted in a gain of 15 to 46 per cent, in the yield 
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of wheat grain and of 21 to 80 per cent, in wheat straw. The yield 
of potatoes was similarly increased by 5 to 38 per cent, and that of 
beets from 18 to 29 per cent. Although the yields of the legumes 
were not always increased, yet some fields of clover treated with 
carbon bisulphid gave increases of 119 per cent. 

Wollny clearly showed that the application of carbon bisulphid to 
a soil within the growing season may lead,, according to the amount 
introduced, to a complete destruction of the growing crop, or to 
a temporary retardation merely, involving a greater or slighter 
depression in the production of plant substance. Its application 
several months before planting increases the fertility of the soil 
to a considerable extent. This influence is felt, according to the 
amount of carbon bisulphid used, through one or several growing 
seasons, after which if no manure or fertilizer has been applied a 
marked decrease in the yields becomes evident. 

There was the dark green color and the vigorous development of 
the plants together with the decided tendency of grain crops to 
lodge just as if too great quantities of nitrogen were at their disposal. 
These facts led Heinze to conclude that on the whole we must seek 
the cause of the beneficial effect of carbon bisulphid on the soil in 
the enormous increase of soil organisms at the proper time, thus 
rendering available, or possibly increasing, the nitrogen supply to 
growing plant. 

The large amounts of nitrogen thus made available to the crops 
are derived partly from the soil and partly from the atmosphere. 
Kruger and Heinze not only demonstrated that soils treated with 
carbon bisulphid showed an increase in their total nitrogen content, 
but also that the increase was the result of the more vigorous growth 
of the nitrogen-fixing Azotobacter species. This, Heinze considers, 
resulted from the initial suppression of amid-ammonia formation 
and nitrification which would create favorable conditions for the 
development of nitrogen-fixing flora. Later there would be more 
intense transformation of the bacterial proteins and of other nitrog¬ 
enous organic substances into amino- and ammonia compounds 
which would result in a more vigorous nitrification, thus placing 
at the disposal of the plant an abundant and uniform supply of 
soluble nitrogen compounds. The various organic materials in the 
soil—such as plant residues, pectins, pentosans, humic substances, 
and the like, together with the rapid growth of algag and molds— 
may furnish the carbon food for the Azotobacter species. 

Effect on Properties of Soil.—Egorow, who investigated the effects of 
carbon bisulphid upon tlie physical properties of the soil, found that 
(1)^ the capillary rise of water in the soil treated with carbon bisul¬ 
phid to be slower than in the untreated; (2) the moisture content 
is reduced considerably, especially in peaty soils; and (3) the water¬ 
holding capacity of the soil is decreased. Thus, he concludes that 
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the treatment of soils with carbon bisulphid acts unfavorably upon 
the water content of the soil. 

Other characteristic effects of treatment with volatile antiseptics 
reported by various investigators are: 

1. An initial decrease in the number of bacteria followed by a 
long-continued increase. A careful piece of experimentation illus¬ 
trating this is that of Fred who used loam soil (mixed with sand) 
and found that 2 per cent, carbon bisulphid has little effect upon 
the moisture content of the soil. With varying percentages of ether 
(together with 2 per cent, of sugar) in the soil, he finds an initial 
depression in bacterial numbers followed by a considerable increase 
in eight hours, 4 per cent, giving the maximum count. 

2. A disturbance of the equilibrium of the bacteria, by which 
certain types multiply more rapidly than others. Ililtner and 
Stormer found that under normal conditions there is a certain 
equilibrium established among the various groups of soil bacteria, 
and that the organisms capable of growing on meat extract gelatin 
are composed of Streptothrir species 20 per cent., gelatin-liquefying 
species 75 per cent., and the non-liquefying species 5 per cent. 

When carbon bisulphid is applied to a soil, its bacterial inhabitants 
are injured, though not completely destroyed, the injury varying 
with the changing conditions of temperature, moisture, and amount 
of carbon bisulphid applied, as well as with the duration of its action. 
Not all of the bacterial species are depressed in their development 
to an equal extent, the injury being most pronounced in the strepto- 
thrix species and least pronounced in the gelatin-liciuefying species. 
The depressing action of carbon bisulphid disappears after a shorter 
or longer interval and is followed by a rapid multiplication of the 
micro5rganisms in the soil. The equilibrium havipg been destroyed, 
however, the new development follows along different channels, 
and there occurs not only an enormous increase in the total number 
of soil bacteria, but also an abnormal predominance of certain 
species. The new conditions thus established for a time favor a 
more ready utilization of the stores of soil nitrogen, and likewise the 
fixation of atmospheric nitrogen by certain bacterial species. These 
conclusions are borne out by the work of Lipman and Brown who 
examined abnormal soil after applying carbon bisulphid in various 
quantities alone, and in combination with muriate of potash and 
acid phosphate. They then determined the ammonifying, nitrifying, 
denitrifying, and nitrogen-fixing powers of the soil. They concluded 
that in normal soil flora the different groups occur in fairly definite 
relations which are evidently disturbed by the addition of carbon 
bisulphid, which, destroying the bacterial equilibrium prepares the 
way for an entirely new bacterial development whereby certain 
species become far more prominent than previously. This applies 
especially to the nitrifying and nitrogen-fixing bacteria. 

9 
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3. A slight initial increase in ammonia content, followed by a 
considerable increase in the production of ammonia. This, although 
noted by the majority of workers, is especially brought out by the 
work of Russell and Hutchinson, as is illustrated by the following 
results from their work: 
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4. A depression of the processes by which ammonia is converted 
into nitric acid, and a very slow recovery of the activity of the bac¬ 
teria concerned, as a result of which ammonia accumulates in the 
soil. Warington, in his early investigation on the biological nature 
of nitrification, observed that when air containing carbon bisulphid 
was passed through the soil the process was inhibited, whereas C. 
de Briailles noted that during the winter the carbon bisulphid seemed 
to exert a harmful influence on the accumulation of nitrates. How¬ 
ever, with the first open weather in spring the reverse seemed to be 
true—the carbon bisulphid caused a marked increase in nitrates over 
the untreated. 

5. An increase in the rate at which oxidation takes place in the 
soil. In a study of oxidation in soils and its relationship to produc¬ 
tiveness, Darbishire and Russell found that the absorption of 
oxygen by soil is mainly brought about by the action of micro¬ 
organisms and is greatly diminished if the soil has been previously 
heated to 120° C. When heated to 95° C., it was found that the 
rate of oxidation on a sand, two loams, and a chalky soil, instead of 
being reduced was considerably increased, as was the case after 
treatment with and removal of volatile antiseptics, such as toluene, 
chloroform, carbon bisulphid, and other volatile antiseptics. 

The rates of oxidation of heated soils were as follows: 


Hop garden soil, unheated . 

Hop garden soil, heated to 95° C. . 
Garden soil, unheated . . . . 

Garden soil, heated to 95° C. 


Milligrams of oxygen absorbed in 
3 days. 6 days. 9 days. 

3.7 5.2 7.0 

6.0 8.2 12.0 

7.5 10.2 15.5 

16.9 27.2 33.2 
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6. It has been repeatedly demonstrated by many workers that 
both heat and antiseptics destroy all or part of the protozoa found 
in the soil, depending on the degree of heat applied or the strength 
of antiseptic used. 

7. Some workers have found antiseptics and heat to depress 
denitrification in soil. Both Wagner and Morgan found that carbon 
bisulphid kills denitrifying organisms. 

8. Especially significant is the fact that there is a considerable 
increase in the soluble matter in the heated soil, not only of inorganic 
matter, as phosphorus and potash, but even more in the organic 
matter made soluble. Stoklasa holds that the plants are able to get 
more phosphate-ions from a soil as a result of the disintegration of 
the bacteria killed by the treatment with carbon bisulphid. 

Fred found that the ai)plication of carbon bisulphid to a soil 
increases the insoluble compounds of nitrogen and sulphur as well as 
the bacterial activities. Lyon and Bizzell determined the efl’ect of 
sterilizing soils by steam on the water-soluble material and found 
that steaming the soil at two atmospheres reduced the nitrates to 
nitrites and ammonia, but that most of the ammonia is formed from 
organic nitrogen in the soil. 

9. Although the majority of workers report an increase in nitrogen 
fixed in a soil treated with carbon bisulphid, yet Koch reports cases 
in which carbon bisulphid added to a soil containing fairly large 
quantities of cane sugar has resulted in a weakening rather than in 
a strengthening of their nitrogen-fixing powers. The increase in 
nitrogen fixation may at times be very pronounced, as may be 
seen from the following experiments in which tumblers containing 
soil were all carefully sterilized and half of them placed in the 
incubator in the sterile condition. To the others was added a soil 
extract prepared by shaking one part of soil with two parts of sterile 
distilled water for three minutes. After standing for about five 
minutes the liquid was decanted and 10 c.c. portions were used to 
inoculate the soil. Before inoculating, this extract was placed in 
thin-walled test-tubes in 10 c.c. portions and then kept at tlie 
required temperature for exactly fifteen minutes before adding to 
the soil. The moisture content was made up to 18 per cent, and 
the whole incubated for twenty days. The milligrams of nitrogen 
fixed under the varying treatments were as follows: 
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(b) Green plants. 

1. Injurious action as indicated by retarded rate 

and percentage of seed germination and by 
retarded rate of plant growth. 

2. Beneficial action as shown by increased rate and 

percentage of seed germination and increased 
rate and amount of plant growth. 

3. Modified in form, color, and other qualitative'^ 

changes. 

Hypotheses to Account for Observed Phenomena.—A number of 
hypotheses have been formulated to account for the increased plant 
growth and for the many changes produced in soils by treatment 
with heat and volatile antiseptics. A number of these theories 
are considered, but it must be borne in mind that there is a wide 
disagreement among workers as to the real cause. No single 
hypothesis yet formulated can be said to fully account for all of the 
observed phenomena. 

Koch’s “Direct Stimulation’^ Theory.—The first theory offered to 
account for the increased yield obtained from soils treated with an 
antiseptic was the ''direct stimulation'" theory advanced by Koch 
in 1899. He considered.carbon bisulphid to have a direct stimulat¬ 
ing effect on the plants themselves. He later found ether to have 
a similar effect. In experiments dealing with the addition of ether 
to the soil Koch found that the increased yield was pronounced on 
the first crop, whereas the residual effect was slight, as with carbon 
bisulphid the beneficial effect increases with the amount of applica¬ 
tion. He further found that soils sterilized with heat produced 
better crops when treated with carbon bisulphid than when not so 
treated and concludes that the effect of the antiseptic, therefore, 
cannot be due to its effect on bacteria. 

The theory of Koch has been supported by Fred who fertilized 
soil with an abundant supply of sodium nitrate and found that in 
every case in which carbon bisulphid was added the growth and 
yield of crop were much superior to those in the corresponding pots 
not treated with that substance. He concludes that as there was no 
lack of plant-food and other conditions were favorable to plant 
growth, the effect of the antiseptic must have been directly upon the 
plant. There is ample evidence to prove that many of these anti¬ 
septics in dilute solutions stimulate the plants directly, yet there 
is no evidence which will substantiate the claim that this is the only 
or even the principal influence on the plant and soil. 

Hiltner and Stormer’s “indirect” theory of antiseptic action is 
outlined by them as follows: 

“1. By destroying the existing bacterial equilibrium in the soil, 
the carbon bisulphid opens the way for an entirely new bacterial 
development. This is achieved through the unequal retardation 
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flora, wliicli does not return so easily to its normal state. It is quite 
possible that the return to the normal conditions is prevented by 
the exhaustion for years to come of the more available portions of the 
plant nutrients.'' 

Evidence corroborating this theory has been brought forward by 
Heinze, Stoklasa, Lipman, and Brown, whereas Sirker furnishes 
evidence in the cultivation of the mulberry which opposes it. He 
found that the addition of carbon bisulphid to a completely fertilized 
mulberry plant increases the vegetation 44 per cent., whereas a 
heavy application of sodium nitrate was of slight value. 

Russell and Hutchinson’s Protozoan Theory.—They consider that 
the microscopic flora of the ordinary arable soil includes a wide 
variety of organisms performing very different functions which 
may be divided roughly into two classes: (a) saprophytes, tending 
to increase the fertility of the soil, for example, producing ammonia, 
fixing nitrogen, and similar changes; and (b) phagocytes and large 
organisms inimical to l)acteria wliich limit fertility. Between these 
two classes of organisms tliere is an equilibrium under natural 
conditions, but when partial vSterilization takes place the phago¬ 
cytes are killed but the bacterial spores are not; and subsequently 
the latter develop with great rapidity, since they are freed from the 
attacks of their enemies, and there is an increase not only in 
ammonia but likewiwse in crop production. 

In support of this theory they point out tlie following: ‘'Hn 
untreated soil there is no accumulation of ammonia, whereas.the 
‘toluene evaporated’ soil, as well as the soil lieated to 98® C., show 
an increased production of ammonia. That this is mainly the work 
of microorganisms is proved by the following considerations: {a) 
The curves belong to the type associated with bacterial, rather than 
with purely chemical activities, (h) Soil which has been heated to 
125® C. (at which temperature all organisms are killed) behaves 
altogether differently; after the first production of ammonia due 
to heating there is no further change, (c) If the toluene is left in 
the soil there is only a slow production of ammonia, and never a 
rapid rate; the curve is more nearly linear. The action of micro¬ 
organisms is here excluded, but enzymes may still act. (d) The 
rapid period sets in only when the soi) is sufficiently moist. Thus 
the two significant changes induced by partial sterilization are, 
(1) an increase in the amount of ammonia; and (2) cessation of the 
nitrifying process. 

“It now becomes necessary to determine the part played by 
bacteria, and why they can increase so much more rapidly in the 
partially sterilized soil (which accounts for the increased ammonia 
production) than in the untreated soils. That the comparative 
inertness of the bacteria in the untreated soil cannot be caused by 
any bacterial factor is evidenced by the following considerations: 
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(а) If . a filtered soil extract containing bacteria from an untreated 
soil is added to a toliiened soil, there is an increase in the rate of 
ammonia production, and also in the number of bacteria. (6) 
However, if untreated soil is added to toluened soil, there is no 
increase, but on the contrary a reduction, (c) As pointed out above, 
an extract of the toluened soil is more active than an extract of 
untreated soil. (cZ) But when the extract of toluened soil is added 
to the untreated soil there is no increase in ammonia production. 

“The conclusion drawn is that 'the untreated soil contains a 
factor, not bacterial, limiting the development of bacteria, this 
factor being put out of action by toluening or heating.' 

“Having determined the presence of a limiting factor in untreated 
soils an examination of its nature reveals that: (a) it is not a toxin, 
for if it were it would be sure to affect the nitrifying bacteria most; 

(б) barley seedlings grown in aqueous extracts of untreated and 
toluened soils showed no difference in growth over a period of four 
weeks; (c) the limiting factor is probably biological, for when 
untreated soil is added to toluened soil the reduction in the rate of 
ammonia is not at once operative. It is also a large organism, since 
it is only in the soil and not the filtered extract of the untreated soil 
that is effective in reducing the rate of ammonia production in 
toluened soil. An examination of treated and untreated soil was 
made, and the latter revealed the presence of large organisms, 
protozoa, etc., which constitute the factor, or one of the factors, 
limiting the bacterial activity, and therefore the fertility of untreated 
soil. Direct evidence is furnished by inoculating toluened soil or 
soil extract with cultures of large organisms and studying the 
effect produced—which is a consequent depression in the rate of 
ammonia formation." 

Although accepted by many workers, there are many of what 
appear to be fatal objections that have been brought against this 
theory: (1) It has been demonstrated that the soil contains many 
species of fungi which are capable of producing considerable quan¬ 
tities of ammonia and these would withstand the actions of the anti¬ 
septic or partial sterilization by heat and may develop later and 
produce large quantities of ammonia. (2) There may be a great 
difference in the physiological efficiencies of the surviving ammoni- 
fiers. (3) The work of Russell and Hutchinson does not consider 
the probability of the protozoa being in soil as cysts. (4) The 
direct laboratory work of Fred and Gainey cannot be interpreted in 
the light of this theory. Kopeloff and Coleman analyze the work 
of Fred in the light of the protozoan theory as follows: 

“In order to test the validity of Russell and Hutchinson's con¬ 
clusion that the absence of protozoa (by treatment with toluene) 
is responsible for increased production of ammonia, Fred, using 
ether instead of toluene, subjected one series of flasks containing 
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compost soil to 100® C. moist heat for an hour and used a similar 
series, iinheated, as a check. All the flasks received 0.2 per cent, 
ammonium sulphate—some of the flasks received 2 per cent, and 5 
per cent, ether. In order to obtain vigorous nitrification 170 c.c. 
of amebie-free extract was inoculated into all the flasks. (This 
was prepared by leaching 2 kg. of compost soil and 4 liters of sterile 
water and filtering through filter paper; the microscopic examination 
revealed the presence of no amebse.) 

"‘The analyses for nitrate nitrogen were made at the beginning 
of the experiments and at the end of 100 and 150 days, respectively; 
the results showed that heating the soil to remove amebic did not 
have a beneficial effect upon nitrate formation, contrary to Russell 
and Hutchinson’s work—although the addition of a small amount 
of ether increased nitrification in the flasks containing amebic, and 
had the opposite effect in the soil free from amebic. This, the 
authors believe, may be accounted for by the stimulating effect 
upon the nitrifying bacteria, since the heated soil not treated with 
ether showed no such increase. 

""Fred concludes (in addition to the above mentioned observa¬ 
tions) that ether and carbon bisulphid cause an increased fixation of 
nitrogen in pure cultures of Azotobacter. The development of deni¬ 
trifying organisms is hindered for only a short time, because of 
treatment with antiseptics. Both Azotohacter and. denitrifying 
organisms are insignificant in a normal soil. Nitrification is at first 
inhibited and later accelerated by antiseptics, while toxins remain 
unaffected by treatment. Carbon bisulphid and ether cause an 
increase in crop yield under sterile conditions. 

""He holds that the increased growth of plants following the use 
of antiseptics in the soil depends essentially upon the stimulation 
to the plant itself^ in combination with a similar effect on tlie lower 
organisms. 

""Fred’s work is highly suggestive, but the determination of 
nitrogen produced is in the form of nitrates alone, and no data are 
set forth concerning ammonia. That this might affect liis results is 
evident when one takes into consideration the fact that most investi¬ 
gators have proved that nitrification is depressed by antiseptics. 

""Furthertaore, like many other experimenters he does not con¬ 
sider the possibility of protozse cysts passing through the filter 
paper in the preparation of "amebie-free extract.’ And we have 
found in our experimental work that cysts do pass through several 
thicknesses of high-grade filter paper. 

""In much the same manner, Gainey concludes that investigations 
relative to the effect of toluol and carbon bisulphid upon the micro¬ 
flora and fauna of the soil, that: (a) small quantities of carbon 
bisulphid, toluol, and chloroform, such as have been used practically 
and experimentally, when applied to soils studies, exert a stimulative 
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rather than a cliininishing* cifect upon tlie total nuinber of bacteria 
present; {h) an application of such quantities of toluol and carbon 
bisulphid does not have an appreciable effect upon tlie nimiber of 
types of protozoa present; (c) a very marked increase in yield may 
be noted following ^such an application when no evident change 
occurs in the total number of bacteria present.’' 

Greig-Smith’s Bacteriotoxin Theory.—A wddely different theory 
from any so far considered is that advanced by Greig-Smith. He 
considers that when disinfectants are added to the soil their action 
is two-fold: They kill the less resistant bacteria and dissolve from 
the surface of the soil particles a waxy covering to which he has given 
the name '^agricere.” The surviving bacteria, which he assumes 
are the beneficial ones, are then able to function much more rapidly 
on account of the exposure of the food due to the removal of the 
^^agricere.” 

Moreover, he considers that there is a toxin contained in the soil 
which is soluble in dilute saline, partially destroyed by heating to 
94® C., and rapidly decayed in aqueous solution; boiling water 
converts it into a nutrient, or by destroying the toxin enables the 
nutrients dissolved in the saline to act. Thus, heating the soil 
destroys the bacteria toxin, which accounts for enhanced fertility. 
Bottomley and others also claim to have found soluble bacterio- 
toxins in soils. Russell and Hutchinson, on the other hand, obtained 
wholly negative results, and conclude that soluble bacteriotoxins 
are not normal constituents of soils, but must represent unusual 
conditions wherever they occur. Not only could no experimental 
evidence of the existence of bacteriotoxins be obtained, but Russell 
and Thaysen showed that the assumption of toxins leads to difficul¬ 
ties. It is necessary to suppose that heating fresh soil for fifteen 
minutes is sufficient to produce toxins but not to destroy them, 
whereas heating for sixty minutes both produces and destroys them, 
and in the case of air-dried soils fifteen minutes’ heating causes their 
decomposition. 
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CHAPTER XIV. 


THE INFLUENCE OF SALTS ON THE BACTERIAL 
ACTIVITIES OF THE SOIL, 

Salts that occur naturally in soils and those applied to them in 
various operations influence the number, species, and activity of 
the soil microflora. These factors are in turn reflected by yields 
obtained. Some substances applied to a soil serve as food for the 
growing plant; others increase plant growth but not through the 
direct furnishing of food. This latter effect may be due to a change 
brought about by the salt on the physical, chemical, or bacterial 
properties of the soil. The substance may alter the physical proper¬ 
ties of the soil to such an extent that the bacterial flora is modified; 
this in turn may increase or decrease the crop produced upon the 
soil. Other substances may react chemically with constituents 
within the soil and in so doing liberate substances which can be 
directly utilized by the growing plant. Again, they may directly 
modify the microflora and microfauna of the soil both as to numbers 
and physiological efficiency. In some cases all three changes may 
be wrought by the same salt. The question, therefore, arises as to 
what effect this or that fertilizer or soil amendment is going to have 
upon the bacterial activity of the soil. Furthermore, there are 
millions of acres of land in arid America which contain varying 
amounts of soluble salts. Some of these soils contain such large 
quantities of these so-called ^'alkalies” that no vegetation is found 
upon them. Other soils contain only a medium amount of soluble 
salts and the vegetation is composed chiefly of alkali-resisting plants. 
Still other soils contain much smaller quantities of soluble salts and 
they become injurious only when the soil is improperly liandled. 
The reclaiming of the heavily charged soils and the maintaining of v 
the others in a productive condition can be carried on successfully 
only when we understand the influence of salts upon the growing 
plants and their action upon the biological, chemical, and physical 
properties of the soil. 

Calcium Carbonate,—Much, work has been done to determine the 
influence of calcium carbonate, especially when applied to acid soils, 
on the bacterial content and activity.of the soil, but the conclusions 
reached have not always been concordant. Withers and Fraps 
found that calcium carbonate added to a soil greatly accelerated 
nitrification and that it is especially desirable that it should be 
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added where ammonium sulphate is being used as a fertilizer. Lip- 
man’s work showed that calcium carbonate stimulated nitrification 
more than did gypsum, that sodium chlorid was injurious to nitrify¬ 
ing organisms, and that ferrous sulphate in amounts from 10 to 100 
mg. per 100 gm. of soil was without effect. Later, he and Brown 
decided that both ammonification and nitrification were promoted 
by magnesia lime to a more marked extent than they were by non¬ 
magnesia lime. This, however, was to a certain extent dependent 
upon the treatment and crop growing on the soil. Both ammonifi¬ 
cation and nitrification were accelerated by sodium nitrate. In a 
more recent work Lipman, Brown, and Owen found that ‘small 
applications of calcium carbonate stimulated bacterial activity, 
whereas large applications had a detrimental effect upon ammonifi¬ 
cation. 

In Owen’s experiments, magnesium carbonate was more efficient 
in promoting ammonifiication and nitrification than was either 
calcium or potassimn carbonate. According to Engberding ammo- 
nimn sulphate, sodium nitrate, potassium nitrate, and caustic lime 
all increase the bacterial content of the soil, but decrease its nitrogen¬ 
fixing powers. Kruger’s work indicated that calcium carbonate 
was more effective in promoting nitrification than was lime, the 
reverse being true with regard to the putrefactive bacteria. The 
formation of ammonia from peptone was especially favored by 
calcium carbonate. Lyon and Bizzell found that lime favored 
nitrification, as did also certain nodule-bearing legumes. Fischer 
concluded that the presence of calcium carbonate in a nutritive 
solution favored the formation of protein nitrogen, but magnesium 
carbonate lessened the transformation of ammonia into protein 
nitrogen. Calcium oxid, however, exerted a much greater influence 
upon soil bacteria than did calcium carbonate. 

Kellermann and Robinson’s results are of especial interest as 
they indicate that magnesium carbonate, applied in amounts 
exceeding 0.25 per cent, to a soil fairly high in magnesium carbonate, 
positively inhibited nitrification, whereas calcium carbonate up to 
2 per cent, favored it, thus indicating that the lime-magnesia ratio 
is of great importance with regard to bacteria as well as the higher 
plants. These results have been confirmed by C. B. Lipman and 
Burgess in whose experiments magnesium carbonate was highly 
toxic both in soil and in solution to Azotobacter chroococcum, while 
calcium carbonate was never toxic even in quantities up to 2 per 
cent. Furthermore, calcium carbonate exerted a protective influ¬ 
ence against the toxic properties of magnesium carbonate. The 
optimum ratio varied, depending upon the medium. 

Peck studied the influence of a number of salts upon bacterial 
activity when applied to the soil, with the result that the carbonate, 
sulphate, and phosph^^te of calcium were found to stimulate ammoni- 
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fication, while sodium nitrate depressed it; both potassium sulphate 
and calcium carbonate accelerated nitrification in soil. Brown, 
working with a typical Wisconsin drift soil, found that the applica¬ 
tion of ground lime up to 3 tons an acre increased the number of 
bacteria in the soil, and also the ammonifying, nitrifying, and nitro¬ 
gen-fixing powers of the soil. The increase was in every case nearly 
proportional to the limestone applied. 

At times the increase noted in ammonification is due to the 
retention of the volatile ammonia by the carbonate, as is shown by 
Lemmermann’s results where the addition of calcium carbonate to a 
soil up to 1 per cent, reduced the volatilization of ammonia, but 
calcium oxid had the opposite eflect. Both calcium chlorid and 
calcium sulfate reduced the loss of ammonia, but the chlorid was 
the only salt of magnesium tested which had this effect. Potassium 
and sodium chlorids, sulphates, and carbonates all reduced the 
absorptive powers of the soil. Paterson studied the influence of a 
number of substances upon nitrification with the result that caustic 
lime was found practically to stop all nitrification. Calcium car¬ 
bonate promoted it, as did also magnesium carbonate; gypsum was 
less effective, while ferric hydrate had a decidedly favorable effect. 
Sodium chlorid, on the other hand, had a distinctly injurious efi'ect. 

Kelley studied the efi'ect of calcium and magnesium carbonate 
alone and in combination upon ammonification and nitrification. 

In his work calcium carbonate only slightly stimulated ammonifi¬ 
cation of dried blood, but it had a marked stimulating effect upon 
nitrification. The magnesium carbonate was found to be toxic 
to both groups of organisms. No antagonism was found to exist 
between calcium and magnesium. Later, when working with 
Plawaiian soils, he reports a stimulation for both. The results, 
however, varied with different soils, and he considers the lime- 
magnesia ratio of little importance as regards the ammonifying 
and nitrifying organisms. Allen’s conclusion is that large quantities 
of limestone must be applied to a non-calcareous soil in order to 
bring its nitrifying powers up to those of natural calcareous soils. 

Lime.—Peterson and Wollny found that lime increased the carbon 
dioxid given off by soils, and Ebermayer, Hilgard, and Hartwell 
and Kellogg proved conclusively that lime increases the decay taking 
place in a soil. 

Chester showed that lime increased the number of bacteria in 
soil, the increase being proportional to the lime applied up to 4000 
pounds an acre. He considered the effect as being due to the lime 
giving to the soil a more favorable reaction for the growth of bac¬ 
teria and not to its direct action upon the organisms themselves. 

Lime not only increases the number of organisms in a soil, but ^ 
it increases the ammonifying powers of the soil, as is seen from the 
work of Remy, Ehrenberg, Vorhees^ and Lipman, 
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iron sulphate influences the phosphorus metabolism of the plant. 
It is hard to see how this is possible unless it be that the iron stimu¬ 
lates the bacterial activity, which in turn liberates phosphorus 
from its insoluble forms within the soil. It has already been noted 
that Lipman found ferrous sulphate to have but little effect upon 
nitrification, but his results were not conclusive. Guffroy found 
sulphate of iron decidedly beneficial to oats, less beneficial to rye, 
without action on rye-grass, and harmful to wheat. He concluded 
that its action must be due to its influence on the biological processes 
of the soil. According to Paterson and Scott, ferric hydrate has a 
distinctly beneficial effect upon nitrification. In this latter case 
its action could be due to its serving as a base. According to 
Lipman and Burgess the ammonifiers are more sensitive to iron 
sulphate than are the nitrifiers, for though small amounts of iron 
sulphate stimulated the latter, it was toxic to the former in all con¬ 
centrations tested. 

Magnesium Salts.—Magnesium compounds usually stimulate 
bacterial activities to a greater extent than do calcium compounds, 
as has been noted in some of the literature already cited, Eng- 
berding's results, however, showed tliat, while magnesium sulphate 
stimulated bacterial activities, it was not as effective in this regard 
as was ammonium sulphate, sodium nitrate, or potassium sulphate. 
The work of Makrinov is of interest since he found pure magnesium 
carbonate a very suitable substance on which to grow the nitrous 
organism. Furthermore, magnesium carbonate had a strongly 
beneficial effect on the physiological action of the organism. Keller- 
mann and Pobinson, on the other hand, found that magnesium car¬ 
bonate when applied to a soil already rich in magnesium carbonate 
positively inhibited nitrification if the quantity added exceeded 
0.25 per cent. This is an apparent contradiction, but it may be 
due to the different conditions of the experiments, since one investi¬ 
gator was working with culture of the organisms whereas the other 
was using the soil with its complex flora. Furthermore, it is quite 
possible that magnesium carbonate may be without effect ui)on or 
even accelerate the growth and activity of the Nitrosomonas and 
yet inhibit the Nitrommas. 

Manganese.—Some experiments by Skinner and Sullivan demon¬ 
strate that manganese acts in various ways as a fertilizer. It is 
often without influence, occasionally injurious, but usually bene¬ 
ficial, its effect depending apparently upon the comx)osition and 
character of the soil. The oxidation in soils under treatment with 
manganese salts was also studied and it was found that an increase 
in oxidation and growth frequently occurred in aqueous extracts of 
poor, unproductive soils. Although oxidation was increased in 
fertile soils, growth was decreased, the plants showing indications 
of excessive oxidation. Field experiments showed practically no 
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nitrification in soils, Renault claims that slow ammonification and 
subsequent nitrification is always accompanied by a low percentage 
of potash. Dumont’s experiments showed that potassium car¬ 
bonate, added to a soil at the rate of from 1 to 2.5 gm. per 1000 gm. 
of soil, markedly increased nitrification, but that larger applications 
of the salt progressively diminished the rate of nitrification, while 
the addition of 8 gm. to 1000 gm. of soil completely checked it. 
Lumia concluded that potassium chlorid and sulphate were nearly 
as effective in promoting the activity of alcoholic ferments as were 
phosphates. 

Fred and Hart found that both calcium and potassium sulphates 
increased ammonification in solution and that the sulphates of potas¬ 
sium, calcium, and magnesium each increased the volume of carbon 
dioxid from soil. P>om the results obtained witli different salts, 
they conclude that the addition of the potassium ion did not mate¬ 
rially increase ammonification in the soil examined. 

Sodium Salts.—Sodium salts are often used as fertilizers and with 
good results. Furthermore, many alkali soils contain sodium salts 
in quantities sufficient to be toxic to both the higher and lower 
plants. For these reasons many investigations have been conducted 
to determine the influence of sodium compounds upon higher 
plants, and many have had as their object the determination of their 
influence upon soil bacteria. 

As early as 1884 Warington sliowed that the presence of 0.032 
per cent, of sodium bicarbonate distinctly retarded nitrification, 
and that in the presence of 0.090 per cent, nitrification was very 
slight. Schlosing had added various salts to the soil in quantities 
not exceeding 485 parts per million with no apparent effect upon 
nitrification. However, Deherain found that common salt com¬ 
menced to be harmful when it exceeded one-thousandtli of the weight 
of soil, and when larger quantities are applied nitrification almost 
ceased. According to the same observer sodium nitrate may stop 
nitrification for a time, but later it recommences. Lipman and 
others found that sodium nitrate increased the accumulation of 
nitrates in a soil. They found, however, a certain periodicity in 
the accumiulation of nitrates which would account for the different 
results reported by various investigators. In later investigators they 
concluded that at times sodium nitrate stimulates ammonification. 
McBeth and Wright found that carbonates, chlorids, and sulphates 
inhibited nitrification and that the former were more injurious than 
the latter. 

The most far-reaching and systematic work which has been 
reported on the influence of salts upon bacterial activity is the 
excellent work by C. B. Lipman who demonstrated that ammonifi¬ 
cation is inhibited by sodium chlorid, sodium sulphate, and sodium 
carbonate. The points at which the salts became toxic are: for 
10 
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sodium chlorid, between 0.1 per cent, and 0.2 per cent.; for sodium 
sulphate, 0.4 per cent.; and for sodium carbonate, 2.0 per cent. A 
stimulating influence was noted in the case of sodium carbonate, 
but not in the case of the sulphate or the chlorid. The points at 
which they became toxic to nitrifiers were found to be: for sodium 
carbonate, 0.025 per cent.; for sodium sulphate, 0.35 per cent.; 
and for sodium chlorid, less than 0.1 per cent. 

All except sodium chlorid acted as a stimulant in lower concen¬ 
trations. Later Lipman and Sharp found the point at which sodium 
chlorid became toxic to nitrogen-fixing organisms in soil to be from 
0.5 to 0.6 per cent.; sodium sulphate, at 1.25 per cent.; and sodium 
carbonate, at 0.4 to 0.5 per cent. Sodium chlorid was the only one 
which acted as a stimulant. Recently Lipman has demonstrated 
that there exists, as measured by ammonification, a true antagonism 
between sodium chlorid and sodium sulphate; between sodium 
chlorid and sodium carbonate; and between sodium sulphate and 
sodium carbonate. 

Brown and Hitchcock found nitrification to be stimulated by 
small amounts of sodium chlorid, sodium sulphate, and magnesium 
carbonate, and large amounts of calcium carbonate. The large 
quantities, however, became toxic, the point at which toxicity and 
probably stimulation occurs varying with the different soils. 

Variation in Effect Produced.—It is quite evident from the litera¬ 
ture reviewed that the addition of a salt to a soil may produce a 
number of different effects, depending upon the nature and quantity 
of the salt added: (1) The salt may stimulate some or all of the 
bacterial activities of the soil; (2) it may be without effect; (3) it 
may be toxic to some and without effect or stimulating to others; 
(4) it may be toxic to all of the bacteria of the soil and hence either 
MU the organisms or, what is more often the case, materially 
decrease their metabolic activity. 

These factors are well illustrated in an extensive study carried 
on by the author on the chlorids, nitrates, sulphates, and carbonates 
of sodium, potassium, calcium, magnesium, manganese, and iron. 
They are especially interesting in that it indicates the influence of 
these twenty-four salts on the ammonifying and nitrifying powers of 
a soil all tested under similar conditions. Though the results are 
not absolute, they do represent rather nearly the relative action of 
the various salts, as may be seen by comparing them with the 
results reported by others. One fact, however, which the student 
must bear in mind with these, as with all other results, is that an 
accumulation of a specific substance within the soil may represent 
either an acceleration of the activity of the organisms which form 
that compound or a decrease of the efficiency of the organism which 
destroys it, 
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Stimulating: Action.—Only six of the twenty-four compounds 
tested failed to stimulate the ammonifying organisms at some con¬ 
centration. Those which did not stimulate were calcium chlorid, 
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Fig. 20.—Graphs showing molecular concentrations at which the various salts exert 
greatest stimulation on bacteria in soil. 



148 


INFLUENCE OF SALTS ON THE SOIL 


calcium nitrate, potassium chlorid, potassium sulphate, magnesiuin 
nitrate, and sodium sulphate. 



Fig. 21. —Graphs showing the percentage of stimulation at the above noted molec¬ 
ular concentrations (See Fig. 20), the untreated soil being counted as producing 
100 per cent, of nitric nitrogen. 



Fig. 22.—Graphs showing the molecular concentrations at which the various salts 
are toxic to ammonifying and nitrifying organisms in the soil. 

There were also six which failed to stimulate the nitrifiers, but 
it is quite evident from the results given in Fig. 20 that in the 
majority of cases these are different from the ones which failed to 
stimulate the ammonifiers. This is remarkable when we remember 
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that the speed of the nitrification process is controlled and dependent 
upon the speed of ammonification.. The results clearly indicate that 
there are other side reactions taking place which are influenced by 
the salts but which are not measured by the ordinary bacterio¬ 
logical method. 

It is evident, however, from the results reported in Fig. 21 that 
those compounds which are most active as stimulants to the higher 
plants are also most active in stimulating bacteria. It is likely that 
the effect upon the plant is due in a large measure to the action of 
the compound upon the bacteria, which in turn render available 
more plant-food. 

Toxicity of Various Salts.—There is an extremely wide variation in 
the concentration at which various salts become toxic to soil bac¬ 
teria (Fig. 22). Some must occur in soils in large ciuantities before 
becoming toxic, whereas others are toxic when present in only minute 
quantities. The toxicity of the salts to ammonifying organisms are 
controlled largely by the electronegative ion, but this is not as 
pronounced in the case of the nitrifiers. The latter class of organisms 
is, however, more sensitive to salts than are the ammonifiers. The 
ammonifiers represent more nearly the higher plant. 

It is apparent from these results that the increased osmotic 
pressure exerted by a salt within the soil plays a part in retarding 
the bacterial activity of such a soil, but it is not the only factor. 
The main factor is probable a physiological one, due to the action 
of the substance upon the living protoplasm of the cell changing 
its chemical and physical properties in such a way that it cannot 
function normally. 

INFERENCE. 

Greaves, J. E.: “The Influence of Salts on the Bacterial Activity of the Soil” 
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CHAPTER XV. 


INFLUENCE OF MANURE ON THE BACTERIAL 
ACTIVITIES OF THE SOIL. 

The application of barnyard manure to a soil brings about a 
far-reaching change within the soil. It has been found that, on the 
average, one ton of barnyard manure contains 10 or 12 pounds each 
of nitrogen and potassium and 2 or 3 pounds of phosphorus. It also 
carries other substances of less importance w’hich may be directly 
utilized by the growing plant or which may react with substances 
within the soil, changing their solubility. This direct and indirect 
nutritive value of a manure is not its only function, for it greatly 
changes the physical structure of the soil. It improves the tilth of 
a clay soil by increasing the granulation within it, while in a sandy 
soil it tends to bind the particles together, making it less porous. 
Each of these changes react upon the water-holding capacity and 
the capillarity of the soil, greatly altering the aeration of the soil 
and with the aeration the temperature. 

The biological changes which the manure produces in the soil, 
especially when small quantities are added, may be even more far- 
reaching than either the chemical or physical changes which it 
produces. Every pound of manure carries with it to the soil millions 
of bacteria. Many of these will find the new conditions unsuited for 
their growth, but some will continue to multiply, and in so doing 
not only will decompose the constituents of the manure but also 
will greatly alter other organic and inorganic substances of the soil. 
The bacterial content of the soil is, therefore, changed both quanti¬ 
tatively and qualitatively. There are added with the manure many 
new species; the changed physical arid chemical conditions of the 
soil due to the manure will greatly modify those already present, 
for the microflora and microfauna originally present in the soil were 
due to specific soil properties. 

This changed flora and fauna will in turn change the chemical 
and physical properties of the soil still more. Acids are generated, 
which react with insoluble constituents, rendering them soluble. 
Gases are formed, which change the air within the soil; in these 
reactions heat is generated, thus changing the temperature of the 
soil. The metabolism of the bacterial cell requires nutritive sub¬ 
stances, among which are water and the elements essential to plant 
growth. Some soluble constituents will be changed to insoluble'and 
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some inorganic to organic. All of these changes are reflected in tlie 
crop yield. 

Number.—That the addition of manure to a soil increases the 
number of bacteria has been shown by Itemy and Fisclier. 

Caron found that the number of bacteria present depends not 
only upon the manure added but upon the cultural methods and the 
crop grown on the soil. Fabricius and von Feilitzen found that 
bacteria increased in the soil on the addition of manure and that a 
direct relationship existed between the temperature of a soil and 
the number of bacteria found in it. That the temperature of the 
soil is influenced by the addition of manure is shown by Wagner who 
observed that manure increased the temperature of soil from 1 to 
2.8° C., depending on the kind and condition of manure added. 
Troop noted an average increase of 5° in temperature of soil receiving 
25 tons an acre of manure over an uninanured soil. Petit, however, 
claimed that, wliile there was at first an increase in the temperature 
- of manured soils, later it became lower than the unmanured. Stigell 
concluded that bacteria under favorable conditions for de ^elopment 
retarded the conduction of heat in soils and thereby reduced the 
temperature clianges due to the variation in the outside temperature. 
This, in a way, might neutralize the effect of manure, for Ilecker 
found that although the temperature of soil to whicli well-rotted 
manure had been added was higher than adjacent unmanured soil 
during the day, the opposite was true during the night. Grazia 
stated that manures greatly increase the temperature of the soil. 
King found that a definite increase in bacterial activity occurred 
with increased temperature, but that an excessive moisture content 
greatly reduced the number of bacteria in a soil. Engberding 
claimed that manure increased the number of bacteria in a soil, but 
he considered that the moisture content had a greater influence on 
numbers than did temperature. That the moisture content greatly 
influenced bacterial activity was shown by Deherain and Demoussy, 
who found that the bacterial action of a soil was at its maximum 
when a rich soil contained 17 per cent, of water, but that it decreased 
if the proportion of water fell to 10 per cent, or rose to 25 per cent. 
With soils less rich in humus a somewhat higher proi)ortion of water 
was necessary to retard oxidation to any marked degree. In a 
manured soil the coarse manure tended to cause the surface soil to 
dry out, while fine manure prevented evaporation. King observed 
that manured land contained more moisture throughout the year 
than unmanured, and this was reflected in both a greater number 
of bacteria and in a larger crop. The bacteria themselves may 
play a small part in this difference in moisture content, as was 
shown by Stigell, who found that bacteria decreased the speed of 
evaporation of water from Petri dishes. Hiltner and Stormer’s 
results indicate that the addition of manure to a soil brouglit about 
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a marked change in the number of bacteria. The temperature, 
cultural methods, and crop had an influence, but it was not nearly 
so pronounced as that produced by the manure, as is seen from the 
following in which is given the number, stated as millions per gram, 
of bacteria found in manured and unmanured soils at different 
seasons. 



1901. 

1902. 


10 May. 

27 Aug. 

18 Oct. 

1 Feb. 

12 June. 

IS Aug. 

Cropped land, grass and clover . 

8.3 

3.2 

1 

i 

6.4 1 

i 

G. () 

8.1 

4.9 

Cultivated fallow, unmanured 

8.0 

4.2 

4.0 1 

4.1 

5.7 

4.1 

Cultivated fallow, manured . 

11.0 

10.5 

11.0 i 

9.3 

7.2 

8.4 


Brown, in a study of the influence of manure on the bacterial 
activities of a loam soil, found that applications of manure up to 16 
tons an acre increased the number of bacteria and also the ammoni¬ 
fying and nitrifying powers of the soil. The greatest increase in the 
processes was brought about by small applications of manure, 8 to 12 
tons to the acre. He observed a close relationship between the 
ammonifying powers of the soil, the bacterial content, and the crop 
produced on the soil. 

Temple stated that the addition to a soil of 10 tons an acre of cow 
manure greatly increased the number of bacteria in the soil, but 
that a greater increase occurred when a sterilized manure was applied. 
This, however, is not in keeping with the results obtained by other 
investigators. Hellstrom concluded that manures possessed a 
fertilizing effect aside from the quantities of fertilizer constituents 
contained within them; and this, he maintained ip due to their great 
bacterial content, Stoklasa found that manure increased the bac- 
terial content and activity of a soil, the increase being greater with 
small, frequent applications of manure than with large applications 
made at longer intervals. Moreover, Lipinan and others observed 
that the bacteria conveyed to soil in small quantities of manure 
were valuable in bringing about a more rapid decomposition of a 
green-manure crop. Briscoe said that a direct relationship existed 
between the organic matter added to a soil and the bacterial count, 
and that a light dressing of manure with green manure produced a 
marked increase upon both the yield of the crop and number of 
bacteria. Bacterial cultures added with the green manure gave just 
as pronounced an effect as did the stable manure. Lemmermann 
and Einecke, however, obtained no increase on adding stable manure 
with green manure. This may be due to the different land of manure 
used, for Emmerich and others maintained that a more favorable 
effect was obtained from the use of well-rotted manure than from the 
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use of fresh manure. This, they maintained, was due to the pro¬ 
duction in the latter of formic, acetic, and butyric acid, indol, skatol, 
and hydrogen sulphid,"which are toxic to the plant. Under some 
conditions, the large quantities of carbon dioxid liberated from the 
rapidly decomposing fresh manure may be valuable in rendering the 
plant-food soluble. Bornemann found that soil constantly supplied 
with carbon dioxid through a pipe buried in the ground gave an 
increase in yield of 12.2 per cent, over the crop grown on untreated 
soil. Wollny has shown that manure greatly increased the carbon- 
dioxid production in a soil. 

Ammonification and Nitrification.—Moll considered that the season 
of the year, and not the kind of fertilizer used, nor even the weather 
conditions, is the principal factor in determining the extent of pep¬ 
tone decomposition, nitrification, and nitrogen fixation of a soil. 
According to Wohltmann, Fischer, and Schneider, ammonification, 
nitrification, and nitrogen fixation were all more or less increased 
by the application of manure. Heinze found that manure was 
especially beneficial to the nitrifying organisms. Warington reports 
that much more nitric nitrogen was found in the soil of plots which 
had received annually for thirty-eight years a dressing of 14 tons of 
manure to tlie acre than in any of the other manured or unmanured 
plots. Stevens found that nitrification was much more active in 
manured than in unmanured soil, but Frankfurt and Duschechkin 
observed an increase in nitrification only on those manured plots on 
which the yield had increased. Welbel has shown that the chief 
factors controlling nitrification in fallow soil were the humus and 
the humus-nitrogen content, the nitrification having increased 
directly with the humus, tie noted, however, a certain amount of 
denitrification at first, but later in the summer nitrification became 
more rapid on the jnanured than on the unmanured soil, the effect 
of the manure l)eing still perceptible after four years. Some investi¬ 
gators have reported a reduction of nitrates, but the quantity of 
manure applied was excessive, or else of a very coarse nature, or the 
soil poorly aerated. Barthel found that nitrification did not take 
place in the presence of soluble organic matter, but he considered 
it unlikely that sufficient quantities of soluble organic constituents 
occurred in normal agricultural soils to interfere greatly with nitri¬ 
fication. Niklewski maintained that nitrification occurred in solid 
stable manure when there was not much liquid present. He stated 
that on the first day some nitrite bacteria were present and at the 
end of four weeks there were 10,000 in each gram. Associated with 
these were nitrate bacteria which were identical with those isolated 
by Winogradsky. Millard, however, was unable to find many nitrify¬ 
ing bacteria in manure. 

Loss of Nitrates.—Many of the cases in which individuals have 
reported a disappearance of nitrates in soil are due to synthetic 
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wat<T above 12.o j«‘r e**nt. haf not above 22,b per rriif. '-..lirthtly 
inereused the iiitrog(*n«fixing pomi^r-^ of fla* -oil Xoflnnr! i-U die 
results itaru*ated that tin* appiiealion of mannre ii|i tu :,M ioii = an 
acre ami of water up t** 22.5 j>f*.r eent. eaiiNed in the 

soil 

Baeteriologieiil aualyseH of fallow liehl :"-«4! rei’eivinv m* iiiaiiiir*% 
5 tons, and 15 tons an atTeiimi roeeiving no wiiirr, 5 ifirli-i-.. Iff iiirhr '-^-, 
20 inches, 30 inches, tutd 411 inelien of irrigiif ion water. iifdie"iif f^i iliaf. 
the maximum nurnher of hin^teria ivere ohiiiiiii-d fr#iiji liir* -.oil 
receiving 15 tons of manure, dlte aj)|.4ieatioii of irrigatiofi vuiter 
up to 20 inehes inereasr*d the haeterial .eoiin!, iln'' inr-rea-f" i*eii.if 
most noti(*eable in the soil reetdving tlie gri,*aie;-4 f|iiaiit if ;• * 4’ mannre. 

If the ammonifying iKm*r of the iiiiiiiiiniireii --oil i' eon itiered 
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as 100 per cent, and that of tlie imirrigated as 100 per cent., the 
manured and irrigated soils then become with 5 tons of manure, 147 
per cent.; with 15 tons of manure, ISS per cent.; 5 inches of water, 
106 per cent.; 10 inches of water, 117 per cent.; 20 inches of water, 



108 per cent. Large quantities of irrigation water produced the 
greatest depressing effect in the presence of 15 tons of manure to the 
acre. 

Fewer organisms develop on synthetic agar from a cropped than 
from a fallow soil. The application of manure to a cropped soil 
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increases the bacterial count of the soil. The greatest number of 
organisms developed from tlie soil receiving 10 inches of irrigation 
water. 

The ammonifying power of the cropped soils was slightly lower 
than similarly treated fallow soils. The application of 5 and 15 
tons of manure on each acre increases the ammonifying power of the 
soil. The application of irrigation water up to 30 inches increases 
the ammonifying power of the soil. The greatest increase resulted 
in those soils receiving 15 tons of manure to the acre. The applica¬ 
tion of 40 inches of irrigation water to corn land, especially to that 
receiving 15 tons of manure an acre, depresses the ammonifying 
power of the soil. 

The nitrifying power of fallow soil was higher than similarly 
treated cropped soils. The application of manure to a cropped soil 
greatly increases the rate of nitrification. The application of irriga¬ 
tion water up to 30 inches, especially to a soil receiving 15 tons of 
manure, greatly increases its nitrifying power. 

Green manures are rapidly taking the place of bare fallows in all 
of the better systems of agriculture where the rainfall will permit of 
the practice. The practice of green-manuring consists, essentially, 
of the turning under of green crops for the benefit of succeeding 
crops. In addition to the various legumes, which are preferred on 
account of their ability to take nitrogen direct from the air, crops 
like rye, wheat, oats, buckwheat, mustard, rape and even turnips 
have been used more or less extensively as green manures. 

The plowing under of green manure produces either a beneficial 
or miurious effect, depending upon the nature of the soil to which it 
is applied, the kind of manure added, and the season of the year 
when applied. Some of the beneficial influences noted are: 

1. They carry to the soil large quantities of organic matter which 
on decaying yield humus, and this in turn changes materially the 
physical and chemical composition of the soil. Schultz started in 
1855 on an extremely poor, coarse-grained, sandy soil, and gradually 
improved it by the use of lime, phosphoric acid, and potash in con¬ 
nection with such green-manuring crops as lupines, serradella, and 
field-peas, until he could produce three hundred to four hundred 
bushels of potatoes to the acre. Neale noted a marked gain in the 
yield of corn when crimson clover was used as a green manure. He 
believed the nitrogen thus applied to be much more economical than 
when nitrate of soda is used. For sandy soils the results of Delwiche 
would indicate cowpeas, hairy vetch, soy beans, and crimson clover 
to be best, and Pfeiffer’s results indicate that it is the open, sandy 
soils which give the best results with green manures. The actual 
effect produced, however, varies with the time of application. 
Bassler recommends that where lupines, serradella, crimson clover, 
and hairy vetch are used for green manure on sandy soils they should 
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be turned under as late as possible in the life of the plants and not 
in the hot summer when the plants are green. This agrees with the 
findings of Causemann who recommends that they be turned under 
late in September. It has been observed by Bredemann that the 
addition of organic matter, such as hay and sugar, produces a harm¬ 
ful effect the first year and a beneficial effect the two following years. 

2. Green manures change the number and kind of organisms 
occurring in the soil. Hill found the total number of bacteria in 
soils treated with green manures to be much greater than in those 
receiving no green-manure treatment. Legumes gave in most cases 
a greater increase than non-legumes. Muntz considers the value of 
green manures proportional to the rapidity with which their nitrogen 
is converted into nitric nitrogen. Ileinze, on contrasting stall and 
green manures, found tliat the latter carried but few organisms which 
would break down the insolulde material. The decomposition of 
green manure was found to be due to dust organisms and to organ¬ 
isms found in soil. For this reason the numl}er and kind of organisms 
in a given soil determine in a great measure the influence of green 
manures on. succeeding crops. Decomposition is ra})id in an open, 
sandy soil rich in bacteria and relatively slow in a soil poor in bacteria. 
In an open, sandy soil the nitrogen of the green manure may pass 
over into nitrates and be washed out, whereas in a heavier soil the 
nitrogen becomes available more slowly and is not washed out so 
rapidly. For this reason in lieavy soils green manures often give the 
best results tlie second year. 

Koch thinks the good effects produced when green manure is 
added to stable manure may be due to an increased nitrogen fixation 
by Azotohacter, the organism using the cellulose of the manure as a 
source of energy; wliereas Ileinze considers that the results which he 
obtained from studying the action of carbon })isulphid on soils may 
help us to understand tlie peculiar effects produced at times by the 
turning under of mustard, t)U(!kwheat, rye, and other non-leguminous 
crops. It has been noted rej)eatedly tliat these crops when plowed 
under in a green state lead to a l)etter growth of the following cereal 
or root crops on nitrogen-})oor soils. As Ileinze points out, there 
may have been more or less justification for this belief, so far as the 
indirect influence of mustard is concerned. It would seem at times 
that the action of mustard is not unlike that of carbon l)isulphid in 
affecting the })acterial flora of the soil, and it really appears from 
facts already known tliat the green mustard sul)stance in the soil 
retards the development of the acid-forming species and encourages 
the growth of the nitrogen-fixing Azotohacter species. Ileinze, 
therefore, thinks that further study may enable us to make extensive 
use of mustard as an indirect source of combined nitrogen, and tries 
to find theoretical sui)port for this belief in the fact that allyl 
isothiocyanid mustard oil, C 3 H 5 — N = C = S, which is a constit- 
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uent of the mustard plant, may be regarded as a derivative of 
carbon bisulphid and probably would have a similar influence upon 
the soil microflora. 

3. The growing of a crop during the season of the year when the 
heavy rains would wash much of the nitric nitrogen beyond the 
roots of the plants prevents this loss, for the nitrogen is stored in 
the body of the plants and is later liberated by decomposition for 
succeeding ptants. 

4. The growth of the legumes may actually lead to an increase in 
the nitrogen of the soil. The method, extent, and conditions under 
which this occurs is considered in detail in later chapters. 

The results, however, following the use of green manures are not 
uniformly benefiicial, for the following ill effects have at times 
followed its use: 

1. The physical condition of the soil may be injured. It becomes 
too loose and open, decomposition being thereby decreased and 
leaching increased. This was probably the reason why Brown did 
not always find an increase in the bacterial activities following the 
application of green manure. This is also true with regard to the 
work reported by Laurent. 

2. Engberding, studying the effect of straw and sugar upon the 
number of bacteria in the soil, found at first an increase, followed by 
a decrease. The ammonifying and nitrogen-fixing groups of bacteria 
showed an increase, but the nitrifying group was retarded. 

Fischer, in his paper on the changes undergone by nitrogen in 
sandy and clayey soils, offers an explanation for the loss of nitrates 
in a soil to which carbohydrates have been added in the following 
reaction: 

24 NaNOa + 5 CeHisOe = 24NaOH + 12 N 2 + 30 CO 2 -j- 18 H 2 O 

The oxygen of the nitrate is used by the ferments for the oxidation 
of the carbohydrate and the nitrogen is liberated as a gas. 

Frankfurt and Duschechkin state that green manure under field 
conditions caused a diminution of the nitrate content. Both legumes 
showed this effect, but they consider it as due to the action of the 
manure upon the soil moisture. 

Stevens and Withers give two reasons why the activity of nitrify¬ 
ing organisms, in pure culture under laboratory conditions, cannot be 
compared with their activities under conditions in the field: (1) '' In 
mixed culture their symbiotic and physiologic relations are so 
different from those obtained in pure cultures that their metabolic 
processes are with difficulty expressed;’’ (2) ^'the presence of large 
amounts of solid matter, sand, or earth, in contact with the liquid 
medium, so alters its relation to the nitrifying organisms that their 
physiologic activities and metabolic products are different.” These 
authors say in conclusioft*, -^h^ light of the facts, set foirth^ the 
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direct application of Winogradsky’s conclusions to the field must be 
abandoned and with them any practices based upon them, and the 
activities of these soil bacteria must, in the future, be studied more 
largely under their natural environments.” 

Lipman, commenting on these earlier views, believes that ^^the 
exact relation of organic matter in the soil to the activities of nitrify¬ 
ing bacteria is but beginning to be properly understood. Earlier 
observation made it manifest that hea\^ applications of animal 
manures, or green manure, may not only retard nitrification but 
may actually cause the disappearance of a part or of all of the nitrate 
in the soil. Subsequent experiments by Winogradsky and Omelianski 
showed that in pure cultures the presence of even slight amounts 
of soluble organic matter may depress or even suppress the develop¬ 
ment of the nitrifying bacteria. It was, therefore, concluded by 
these authors that relatively small amounts of soluble organic 
matter may inliibit nitrification. These conclusions, based on the 
study of liquid cultures only, were given a very broad application 
by many writers on agricultural topics. More recent experiments 
make it certain, however, that in the soil itself small amounts of 
soluble matter, for example, dextrose, are not only harmless but 
may really stimulate nitrification. It was shown, likewise, that 
humus and extracts of humus may, under suitable conditions, stimu¬ 
late nitrification to a very striking extent.” 
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conditions, the numbers are far below the number actually occurring 
in the soil Some of the reasons for this are as follows: 

1. Even many of the peptone-decomposing bacteria fail to grow 
on the gelatin plates. This may be due to overcrowding or to the 
sudden change of conditions and the resulting osmotic disturbances. 

2. The nitrifiers do not grow on the ordinary organic laboratory 
media; moreover, they have not been found in soil in sufficient 
numbers to occur on plates dilute enough to show the more abundant 
organisms. The nitrogen-fixing organisms—both symbiotic and 
non-symbiotic—usually occur in soil in too small a number to be 
noted by the ordinary plate method. 

3. The strict anaerobes which occur in soils in vast numbers do 
not grow on the gelatin plate under the ordinary conditions of 
aerobic culture. 

4. No medium yet devised resembles the soil in composition and 
structure, and hence the plate does not necessarily reflect the flora 
active in the soil. Moreover, it is impossible to tell which of the 
forms developing on the plate are active and which are spores in the 
soil. 

A third method for the determination of the bacteria in the soil 
is the direct microscopic count. This method, however, has not 
been used sufficiently as yet to permit a conclusion as to its relative 
value. 

Value of Bacterial Counts.—The methods for determining the 
number of bacteria in soil are admittedly faulty; yet they have the 
advantage of showing whether the number is high or low and whether 
they are increasing or decreasing. The counts show fairly accurately 
whether any given treatment of the soil has raised or lowered the 
number of bacteria in the soil. But numbers alone furnish only 
meager information, for, as pointed out by llemy, the number of 
colonies of aerobic soil bacteria appearing on plates show no direct 
relationship to the ammonifying, nitrifying, or denitrifying powers 
of the corresponding soil. Lohnis is even more emphatic than Remy 
in designating mere quantitative methods as untrustworthy. He 
points out that it is quite possible that two million very efficient 
ammonia-producing bacteria present in 1 gram of soil will accomplish 
more work than five million less efficient ones will in another soil. 

This same principle is brought out by Chester when he states 
that a soil may be low in the total number of bacteria, but contain 
such a bacterial flora, or combination of bacterial species, which 
are known to be favorable to the rapid digestion of plant-food, as 
to give it what might be termed a high bacterial potential. In other 
words, he holds that we should consider not alone numbers but also 
physiological efficiency. 

Number of Bactetia in Soil.—The number of bacteria, as deter¬ 
mined by the plate method, in good arable soil well supplied with 
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organic matter usually ranges from tlinii to lorty niillioin Tiglit , 
non~poroiis soils, as well as alkali and soils low in hinniis 
moisture, yield low l)a,cterial ef)im1s. 

The number of microorganisms in light, sandy, V(‘ry tight clay'^ 
desert and forest soils is iisua,ll\' much snialhu’, otlH*r things l)eiiigr 
equal, than in normal cultivat(‘(l soils. < hillivation of soils tericl^ 
to increase greatly the niimlxu- of bacten'in. Tin* a\’(‘rag(‘ of severa 1 
hundred determinations made on eultivat(‘d soil of the arid region^ 
gave abacterial count of 4,dr)2,()t)(), when‘as tin* av(*rag(^ of a similirr 
number of samples taken from adjoining virgin soils was 2,27(),(H)C I. 

Factors Influencing Number.- Ojdimum moistiin*, organic matte*r 
and aeration tend to incr(‘as(‘ the mirnbcr as docs also the addition 
of sugar and certain antise.])ties: 

lirn’tcri.'il nuiiilxT uftf-r T)!) daya, 

Sf»il treufI'd with 



e 'fmfrol HoiK 

milliiiiiH pcir gram. 

Cano SMpjar (p. 25 por ociit..) . 

. 21 

51 

Amyl iilcoliol (0.1 pw (U'.nl.) . 

. HO 

85 

Plionol (m/200 per kilo) 

. 27 

101 

Hydroquinono (m/200 r>e‘r kiloj . 

. le; 

55 


There is a direct relation h(‘lwe(‘n the mnnl)(‘r of bacteria foiiiH l 
in the soil and the quantity of organic* manure* a<l<lt*d. This is 
illustrated in results oldainecl by the* author and given in tal)ula r 
form below. d 1 ie unma.mir(‘d soil is taken as KIO ]Ma* (Huit. 

Treatment. Fnllovv anil. Cmpfied soil 

No inariinvi .... IhO 100 

t*) toiiH of riuinline . . . i'14 

J 5 foiiH of iiiarnin*.177 120 

Hie aeration of tlu* soil oft<*n in<*r<‘ases manyrold the nurnbcT e?r 
bacteria, and according to ('oiin the* grc‘at(\st. numco-ical iucTc^usi*! 
(K'cnrs in the group of uon-sjxu’e-forming bact<*ria. 

'd 1 i(* numbcT of l)act(Tia. foiuid in tin* soil varic's (*onsi(l(Tal dy 
with the season of the yc^ar. A very intcTc\sting phc‘nom{*non, not<‘f I 
l)y Conn and (*onfirmed by Brown, was that the* number of bacteria 
in soil incd’case on fr<*e 7 .ing. This fact is illustratc‘d in the* following^ 
table from the work of Conn. In it arc* listcal a s(*ries of gc'latiii- 
plate counts made* from a single .soil plate* at inte*rvals ihrouglioiit 
the course* of tlrrete years. 

During the three years ove*!* which the* .sampling was eondiiet cM I 
the |)late (*ount of ne>n-spore-form<TS vari(*d fnmi r>,(KHbOOO to 
44 ,()()(),OOO per gram, wh(*r(*as the spored’orming ba.(d:<a*ia aiicl 
Actinomycetes varied only from .'b 2 tH),tHH) te» l 0 ,b(K), 000 . 'Fliisr 
incTease which occurs during the winter is in the* slow-growi ii|g 
bacteria and not in those* whie*h lir|U(*fy g(*Iatin rapidly or in tdiit 
Actinomycetes. (’onn tri(*s to account for the* not(*d ])b<momerHm 
l)y assuming two grou])S of baederiu' winte*r and sumnu*r bae*t(‘riM. 
The latter, lie thinks, prevent the* fornH*r frean multiplying rapidly 
in warm weather. II(*ne(i, tint ine-rease in the froz(*n soil is doe to tJi i* 
dex}ressing effect of the eold u])on the summer bacteria. There 
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however, the possibility that the freezing breaks up the clumps of 
bacteria and the noted increase is apparent and not real. Little 
relationship has been found between the moisture and cropping of a 
soil and the bacterial count. 


Date. 

Moisture 

Number of colonies per gram of dry 
soil- 

HcMtiarks. 

content. 
Per cent. 

N on-spore-form- 
ing bacteria. 

Other colonies— 
spore formers and 
actinomycetes. 

Nov. 24, 1911 . . 

25.0 

22,500,000 

5,500,000 


Jan. 13, 1912 . . 

40.0 

28,500,000 

7,500,000 

Frozen 8 days. 

Jan. 23, 1912 . . 

37.0 

31,000,000 

9,000,000 

Frozen 18 days. 

Peb. 13, 1912 . . 

43.0 

11,000,000 

10,000,000 

Frozen 39 days. 

Mar. 1, 1912 . . 

37.0 

20,500,000 

6,500,000 

Frozen 57 days. 

Apr. 24, 1912 . . 

23.4 

18,000,000 

4,500,000 


May 6, 1912 , 

40.0 

20,000,000 

9,000,000 


June 5, 1912 . . 

20.4 

19,200,000 

4,500,000 


Sept. 23, 1912 . . 

22.5 

28,500,000 

10,500,000 


Oct. 25, 1912 . . 

24,5 

14,500,000 

5,500,000 


Dec. 3, 1912 . . 

26.2 

28,500,000 

6,500,000 


Jan. 15, 1913 . 

39.5 

14,000,000 

6,000,000 

Frozen 7 days. 

Feb. 5, 1913 . . 

22.0 

22,300,000 

7,700,000 

Frozen 4 clays. 

Feb. 14,1913 . . 

26.2 

44,000,000 

10,000,000 

Frozen 13 days. 

Mar. 11, 1913 . . 

1 38.8 

22,000,000 

7,000,000 

Partly frozen. 

Apr. 4, 1913 . . 

[ 22.8 

19,300,000 

7,700,000 


July 10, 1913 . . 

17.0 

16,800,000 

5,200,000 


Nov. 26, 1913 . . 

; 21.5 

11,800,000 

4,200,000 


Dec. 15, 1913 . . 

i 19.6 

7,800,000 

3.200,000 


Jan. 16, 1914 . . 

i 31.2 

15,500,000 

3,500,000 

Frozen 9 days. 

Jan. 30, 1914 . . : 

! 24.6 

26,000,000 

7,000,000 

Thawed 1 day. 

Feb. 7, 1914 . . ; 

27.7 

22,700,000 

7,300,000 

Partly frozen. 

Feb. 26, 1914 . . : 

32.0 

31,000,000 

7,000,000 

Frozen 21 days. 

Apr. 15, 1914 . . ' 

20.0 

13,700,000 

7,300,000 


Apr- 29, 1914 . . ; 

20.0 

11,800,000 

4,200,000 


Aug- 7, 1914 . . i 

9.0 

5,000,000 

4,000,000 


Aug. 19, 1914 . . j 

20.0 

18,000,000 

4,700,000 



The number of organisms in the soil vary greatly with the depth. 
Due to the lack of moisture and the germicidal action of light, the 
number of bacteria in the uppermost inch or two of soil is lower than 
in the layers of soil immediately below. Beyond the depth of eight 
or nine inches, the number diminish rapidly, and in humid regions 
the number below two feet is extremely low. This is illustrated by 
results reported by Chester: 


Depth. Kumber of colonies. 

2 inchfjs. 981,000 

4 inches. 1,632,000 

Cinches. 1,623,000 

12 inches. 73,000 

18 inches. 21,000 

24 inches. 4,000 


The conditions, however, are quite different in the arid regions 
where we have the slow formation of clay substances in the soil, 
and, therefore, the absence of the cementing substances in the soil 
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This results in greater aeration, and hence often ideal conditions 
for bacterial growth to a great depth. Moreover, the roots in search 
for water penetrate to a great depth in the soils of the arid regions. 
This results in an aeration of the soil and the supplying of organic 
matter to bacteria at a great depth. Lipman found the ammonify¬ 
ing organisms at all depths to the tenth foot and at times the nitrify¬ 
ing organisms to a depth of eight feet. The nitrogen-fixing organ¬ 
isms seldom occurred below the third or fourth foot. I have found 
great numbers of bacteria in both dry-farm and irrigated soils of 
the arid regions in the second and third foot. The average of several 
hundred such determinations is given below: 


Number of colonies. 

Depth. Irrigated soil. Dry-farm soil. 

1 foot. 6,240,000 4,372,000 

2 feet. 1,760,000 1,267,000 

3 feet. 1,147,000 1,174,000 


The larger number found in the irrigated soil is due to the pres¬ 
ence of a better supply of organic matter and not to the moisture 
supplied. 

Kinds of Microorganisms in Soil.—The work so far done in this 
field clearly establishes the fact that soils have a definite bacterial 
flora as do water and cheese. The work done on the soil so far is 
meager and has been carried on by a few investigators—Hiltner and 
Stormer in Germany, and Chester, Harding, and Conn in this 
country. By far the best and most extensive piece of work is that 
of Conn, and it is on his work that the main points of the following 
are based. 

Hiltner and Stormer found that normally soil contains 5 per cent, 
of liquefiers, 70 per cent, of non-liquefiers, and 20 per cent. Strepto- 
thrix. The 5 per cent, liquefiers include the B. suhtilis and Ps. 
fhwrescens groups. Chester showed that the relative abundance of 
these three groups is nearly constant in normal soil and that any 
external influence which disturbed the equilibrium of the soil flora 
would be indicated by a change in the relative abundance of these 
three groups. This conception of the soil microorganisms as being 
normally in a state of equilibrium has proved of considerable value 
in interpreting soil phenomena. 

Conn divides soil bacteria into the following groups: 

1. Spore-producers 

2. Non-spore-producers 

Liquefaction rapid 
Liquefaction slow or none 
Rods 

Yellow chromogenic 
Non-chromogenic 
Cocci 

3. Actinomycetes 


'' Rapid liquefiers’ ’ 

^^Slow growers” 
Actinomycetes 
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ITc found the relative nuinl)er of these org-anisins occurring in 
soils to be as follows; 

1. From 5 to 10 per cent. si)ore-formers (the B. suhtills group). 
Nearly all the colonies of these bacteria, however, seem to come from 
spores instead of from active organisms. 

2. Under 10 per cent, rapidly liquefying, non-spore~forining, 
short rods with polar flagella (principally Ps, fiuorescens). 

3. From 40 to 75 per cent, slowly liquefying or non-liquefying, 
non-spore-forming, short rods. 

4. A few micrococci. In cultural characteristics these are almost 
identical with the last mentioned group. 

5. From 12 to 50 per cent. Actinomycetes. 

The most abundant spore-formers found in the soil and described 
by Conn were B. megatheriuvi l)e Bary, B. mycoides Fliigge, B. 
cereus Frankland, and B. simplex Gottheil. 

“B. megatherium De Bary, 1884.—This species is to be distin¬ 
guished from B. mycoides and B, cereus by the larger average size 
of its spores, by its poor growth in liquid media, its failure to grow 
in the closed arm of fermentation tubes of dextrose broth, and by 
its comparatively slo^^ liquefaction of gelatin. 

/‘Morphology.—Very young cultures (under twelve hours) consist 
of large rods about 1 to 1.5 ix in diameter and about 3 to 6 
long. They often occur in chains with connecting threads be¬ 
tween the rods, resembling strings of sausages. In older cultures 
the rods generally become swollen and are sometimes full of highly 
refractive globules (fat drops?). One of the most distinctive 
characteristics is the presence in cultures a day or more old of 
large ovoid bodies about 2 by 4 m in size, which seem to have 
heavy walls and stain much more lightly than the young rods. 
Only the young rods are motile, and they are not vigorously so. 
The flagella are difficult to stain, and the best preparations made 
show comparatively few flagella on each rod. Spores are formed in 
the center of the rods and immediately become free from all trace of 
the sporangium wall. They are oval to ovoid (or occasionally 
reniform) and vary considerably in size, from 1.3 to 2 m in diameter 
and from 1.5 to 3 m in length, both extremes often occurring in the 
same preparation. 

“Cultural Characteristics.—Growth in broth flocculent or none, 
with no surface growth. Gelatin colonies under 10 mm. in diameter, 
center white, opaque, flocculent or granular, surrounded by a clear 
liquefied zone. Growth on agar streak cultures smooth, soft, glisten¬ 
ing, cream-color, typically with minute drop-like areas of lighter 
color. 

“Physiology.—The typical group number is B. 111.44420?4. As 
indicated by this group number, there is ordinarily no growth in 
sugar and glycerin broths. This does not mean, however, that no 
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acid is produced from sugar or glycerin. Some cultures have pro¬ 
duced growth and have acidified one or even all of the sugars. This 
suggests that the irregularity may be due to the poor growth in 
liquids, tested on ‘"slants’" of litmus agar, in fact, B. megatherium 
has been found to produce acid from dextrose and sucrose quite 
regularly. Similarly, its poor growth in broth raises a doubt as to 
whether the second figure of its group number (denoting it to be a 
strict aerobe) may be correct; for it grows so poorly even in the open 
arm of a fermentation tube that its failure to grow in the closed arm 
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Fig. 24.—B. megatherium. X 1000 diameters. (After Conn) 

does not necessarily prove its inability to grow in the absence of 
oxygen. It is also possible that its failure to reduce nitrates may 
be due merely to the fact that it grows poody in nitrate broth. 

“B. mycoides Fliigge, 1886 .—This is the most easily recognized of 
all the soil bacteria. It can readily be distinguished by its rhizoid 
growth on agar. 

""Morphology.—Young cultures consist of rods about 0.8 to 1.3 by 
2 to 6 At. They occur in long chains which often lie parallel and 
show false branching, an arrangement which gives the colonies 
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Fig. 25.—B. mycoides. X 1000 diameters. 


(After Conn) 


their rhizoid structure. The very young rods are apparently 
slightly motile, but no success has been obtained in staining flagella. 
Gottheil describes several peritrichic flagella. In older cultures, 
highly refractive globules that do not take ordinary stains (probably 
fat drops) appear within the rods, jiarticularly if growing on dex¬ 
trose agar, sometimes causing the rods to swell to extremely large 
size and to lose all resemblance to their original form. The lightly 
stained ovoid bodies that characterize B, megatherium have never 
been observed. Spores are borne centrally and the remnants of the 
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sporangium wall persist for some little time at either end of the 
spores. Spores are oval to cylindrical 1.0 to 1.6 by 2 to 2.5 ix often 
in fairly long chains. 

‘‘Cultural Characteristics.—-Growth in broth vigorous, flocculent, 
with no persistent surface growth. Gelatin colonies rapidly liquefy¬ 
ing, filamentous to rhizoid. Growth on agar streak rhizoid, mostly 
beneath the surface of the medium. 

“Physiology.—The typical group number is B. 121.23230?2. It 
shows less variation than does the group number of B. megatherium, 
probably because B, mycoides grows better in the media used for 
making the tests. The same acid reactions are obtained in broth 
culture and on litmus agar. 

“B. cereus Frankland, 1887.— This type can be distinguished 
from B. megatherium by the smaller size of its spores and by its 
more vigorous growth in liquid media, and from B. mycoides by the 
absence of rhizoid growth on agar. 
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Fig. 2G.—B. cereus. X 1000 diameters. (After Conn) 


“Morphology.—In morphology it is scarcely to be distinguished 
from B, mycoides. Young rods are 0.8 to 1.3 by 2. to 6/x form¬ 
ing long chains, but unlike B. mycoides they are very actively 
motile and are easily shown to be surrounded with numerous flagella. 
Older rods are often swollen and contain unstained globules. Oval 
to cylindrical spores, 1.2 to 1.6 by 2. to 2.5/i, are produced cen¬ 
trally, retain the remnants of the sporangium wall for a short time 
and often cling together in chains. 

“Cultural Characteristics.—Growth in broth vigorous, with uniform 
turbidity, sediment and a surface pellicle. Gelatin, colonies quite 
large, ordinarily round, with entire margin, and covered with a 
pellicle that generally shows concentric rings, although under some 
conditions the colonies are filamentous and resemble those of B. 
mycoides. Growth on agar streak raised, ordinarily rugose, soft 
to membranous, generally dull; never rhizoid or beneath the surface 
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of the iiHtdiimi like //. nninihlrs or full of ck'ar drup lila* ;sr< a . liki* 
/>. vie(j(ilhvrunu. 

“Physiology. The typicaJ gnMip inirnhcr is I hr aini* a , t hal for 
/>. iiujcoldvH, 1>. 121 ahhou_e:h considorahlr \a.riation ha . 

ol>s<‘rv(‘(h {)a,r(irnla,rl\' in the prodiniion of arid from iiLrar 
and from ‘>:lyr(a‘in. In th(‘ ra,rli(‘r work, two sui^tyfM'. u<Tr rrroLr» 
nizcid, basing tlic^ dislinriion upon tlN‘ production <»f acid from 
glyr<‘rin; hut no such dislinolion is n{»w ns’ognizrd. became of liir 
iiK!onsisl(‘iit n‘snlt,s oblaimsl in r(‘gard to arid production. l tc\tro s<* 
is alwa,ys a,ridifi(‘d by lids organism; surro/v4* is grnrrall\ aciditird; 
glytxiriti l<‘ss fr(*cpjrntly, and lartos<* \<‘ry rldoin. A train that 
aridilies Ia,(‘tos(‘ h;is always Immui found 1<» produce arid fn»m all 
thr(;(; of the of her compound;-, ddir productioti of arid from iaefo r 
may Ixi a h(*t1rr basis for subdi\iding tin* type thati acid prodnciiort 
from glycerin. Out of l‘IO cullunrs studied, ih acidified larto c; 
but it s<‘ems unwise to consid(*r them as roiistituting a rparatr 
spc;<*ies, in vi(‘W of tin* variation tliat. has br(‘n found ulaui rulturr,. 
ha.VC Imtm n‘tested. 

“Altliongli many of t.he spore^former.^ are active ammonifler. in 
solution and (»(*rnr in soils in romparativriy large tmiidH*r^^ vrt 
it is doubtful if tluy play tin\’ v<*ry irnfH>rtant, role in oil frrfiliiy, 

“Altinmgh of ronsid(‘ral>le importanr**, except for tbr nil rifier . atal 
some othiu'organismseoneeriied with the I ramlormat ion of nitrogen, 
sctuil (‘onsidijration has Imx'Ii given to an\' n»»n--f»orc forming b;ie- 
teria, found in soil/’ 

Its. fluores<’ens whicli behmgs this groiif» i. de erilx-d by t tmtj 
as folhnvs: 

“Ps. fluorescens (Flugge; Migula.- 'The most .striking eharaiier- 
istie of this typt* is its lluorese(‘m*e, which is ob ,ened in tu*of!i, 
beef--(‘xtraet»»peptone agar, and soimtime.. In gedatitn Ability to 
produce (hionxsec’iKa* is often lost, Innvever, and iben the type mm t 
1)<‘ rc‘eogniz(‘d by olla*r <‘hara<‘teri.nties, sueli as rapid li<|iief;M*tion 
of gelatin, uniform tnrbklity in l>roth, cloudy, ;4rnefiin*le, . colony 
in gelatin, un<l acid protlm-fion from dextney*. 

“Morphology. Hods0.1 to O.^s by O.S to I.d micron An fdd ctiltiin .. 
nearly the same shape and sizet as in yourtg cultures. Idagella d to 
bg tirranged in a clump at one p(de. Abuility great. Itod . do noi 
form (iuiiiiH, 

“CulturalCharacteristics.‘ (iood growthin isnuh; no urfaecgrowlii, 
unifonn turbidity, causing (listinet clondinisss of medium; ,sciiiiiiim! 
scant or none, (lelatin eolonicjs liqm‘fying with great nipiciity; 
round to irregular in shape, elcmdy, strueturele.m, fiet'a-iomtlK- 
fluorescent. (Growth on agar streak cultures, simxUh, odd, gli,n*‘iiiiig 
generally causing the medium to show a green fluoresrciicc. 

“Physiology.—The typical group nnmlxer is Vs. 2i i.Ltt'rJh'kb 
Fairly consistent results can be obtained in determining it-, group 
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number, although certain variations occur. Occasionally there is 
no acid from dextrose. Some of the cultures reduce nitrates. Tlie 
power of producing fluorescence is often lost. These variations may 
indicate the existence of separate species that are now grouped 
under this one head.'’ 

Actinomyces from 12 to 50 per cent, of the organisms found in 
soil are the Actinomycetes. This genus, the Aciinomyces Harz, em. 
Gasperini, is characterized by the possession of a mycelium composed 
of hyphae which show true branching, like those of the higher fungi 
(seldom measuring over 2 microns in diameter), and judging by 
their staining reactions resemble true bacteria in their protoplasmic 
properties. Their growth is not wholly within the agar or gelatin 
medium upon which they have been inoculated; for when condi¬ 
tions favor, an aerial mycelium is produced. In the aerial mycelium 
''conidia” are formed. These conidia are sometimes round, some¬ 
times oval, and sometimes rod-shaped. They resemble bacteria 
closely in size, shape, and staining properties. They are generally 
between 0.6 and 1.5 microns in diameter, and if oval or rod-shaped, 
between 1 and 2 microns long. They stain readily with ordinary 
bacterial stains, and in a microscopic preparation which does not 
contain any hypha^, often cannot be distinguished from true bac¬ 
teria. In many cases deep-stained granules show at the poles, 
strongly suggestive of the metachromatic granules of the diphtheria 
organism. According to Sanfelice, some of the actinomycetes are 
acid-fast like the tubercle organism. The diphtheria and tubercle 
organisms, moreover, sometimes produce branching forms, and some 
writers place these two organisms in the same group with Actino¬ 
myces, 

The growth of actinomycetes on solid media is very characteristic. 
The mass of growth is generally of a tough, leathery consistency, 
sometimes smooth, sometimes wrinkled, and often piled high above 
the surface of the medium. Often the mass is brilliantly col¬ 
ored, and the color produced varies greatly with differences in the 
composition of the medium, but with constant composition of the 
medium, the color of the growth may be characteristic of the species. 
The aerial mycelium, often produced above this growth, may also 
be brilliantly colored and of an entirely different color from the mass 
of growth beneath it. Sometimes the aerial hyphse are short and 
give the growth a chalky or mildewy appearance; but often they are 
long enough to cover the growth with a light, delicate nap, 1 or 2 mm. 
thick. Some species produce pigments that diffuse through the 
medium, coloring it gray, yellow, brown, red, blue, or green. The 
color varies with the species and with the composition of the medium. 
It is not so definitely characteristic of the species as is the color of 
the growth itself or of the aerial mycelium; but with a medium of 
constant composition, the color produced is of considerable value 
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in the recognition of species. On gelatin there is less diversity of 
growth than on agar. The growth is generally gray, brown, or 
colorless; the aerial mycelium is often lacking, and if present is 
white, gray, or colorless; and if the medium itself is colored, it 
generally becomes a reddish brown. 

The growth in liquid media is also characteristic. The medium 
remains clear except for small colonies that may sink to the bottom, 
remain in suspension, float on the surface, or adhere to the walls 
of the tube. The surface colonies often grow together and become 
covered with a mass of aerial mycelium, sometimes forming a firm, 
wrinkled membrane that strongly suggests the surface membrane 
of the tubercle organism growing on broth. Pigments are often 
produced in liquid culture, the pigment varying with the composition 
of the medium and with the species growing in it. 

Nearly all liquefy gelatin and ammonify proteid, Miinter main- 
taning that ammonification is their chief function. Nitrate reduc¬ 
tion has often been observed, as has the decomposition of cellulose. 
Some are animal pathogens, and at least one a plant pathogen. 
Other important physiological activities will undoubtedly be worked 
out when the technic for studying them is further developed. It 
is not impossible that they are as diverse in physiology as are the 
true bacteria. 

One of the most common characteristics of many members of this 
group is their peculiar odor. They have a pungent, musty odor, 
difficult to describe, but impossible to mistake after once having it 
brought to the attention. It is sometimes spoken of as an earthy 
odor, but it would be more correct to say that soil often has an 
actinomyces-odor, as the odor of the cultures is much stronger than 
that of soil, and the soil odor is undoubtedly due to the actinomy- 
cetes it contains. The odor seems to be associated with the aerial 
conidia, and does not seem' to be produced by cultures that do not 
possess aerial mycelium. Not all species of Actimymyces have this 
odor, however, even when an abundant aerial mycelium is produced. 

Various functions have been ascribed to the actinomycetes— 
ammonification, nitrate reduction, and cellulose-decomposition—but 
enough work has not been done to enable a definite statement as 
to whether these are their functions in the soil. Conn has demon¬ 
strated that the addition of grass roots to a soil materially increases 
this group of organisms and Waksman and coworkers consider 
that inasmuch as the actinomyces are strong cellulose decomposers 
and weak producers of ammonia their probable role in soil fertility 
lies in the formation of humus. 
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<’alcinm and niauiK'siiim ncciir in -oil- niainly a . rnrhonair. iil- 
|>liat(‘, sili<*a<(‘. and a- the <‘;dic>n ifi flic salt . (>!’ <»!;u'anic arid uhirh 
r(‘snlf(Ml durinic flic brcakiiii^ down of flic ura:aiiir fdanl and 
a.iiinial rcsidu(‘s. 

Soil l)act(‘ria, in flnar liic |>roc(*ss(‘S an* confinnall\' fnrndn^' laryn* 
(jiianl.iti(*s of (‘arhon (lioxid, nitrous, nifric, and .■iilplinrir* acid, 
to^n*fli(‘r wif.li or^’ani<* acids which ant in flic main cmnhincd with 
calcium or nia|!:n(‘sium of fh(‘ soil, with the formation, of a 

soluI)l<‘ com|>ound. The watiu's carry these fo the lake ;, seas, and 
(K*(‘ans flici'c. fo })(* taken up hy marine life. In the eoiir e of linn* 
th(*S(* an^ (h*j)osit<Ml as coral re(‘fs, chalk cliffs, and marl hed-;. At 
t.im(‘S the speeil with wliieh fh(‘ lime is faken fnmt the uater; hy 
mariii(‘ lihs is fasha* lhati it is (‘arried inf.o a, lake hy if ; frihiifarie-. 
Th<* result is that, in spifi* of the <‘Vapora,tion and enneenfration 
which is |j;'oin;x lk<‘ main l>ody of water contains le linn* limn 
does its frihutaries. This is tin* ease wilh Bear laike. htah, the 
tril)uiari(*.s of which hav<‘ an avcragi* lime eontmit of H)|.7 pari ; 
p(‘r million, wfien^is the, lake eon(a,ins only i:k2 parts per millirm. 

Calcium Carbonate. The loss of calcium earhonute from a. soil 
\ari(‘swith f!) the met hods of aquaculture, intenst* meflmd , inerea - 
inq tin* loss; (2| with tInmapplicadioa of animal manurci and qreen 
manures, whi(‘h increases the haeterial a.etivity and al the soluhilit \ 
of the (‘aleinm eajTonate; Cl; with the addition of eomnn*reial feriil- 
izctrs adcled to a. soil whieh hasten the loss of (*aleium in drainaqe 
wa,,tc‘r. 

dim earhon dioxid numerated hy bacteria reaids with the ealeium 
earhonate forminq tln^ inueh more .soluble ealeium hicarhonaie: 
or 

‘ tr,M urn 

Ammonium sulphate nssultinq <*ither frmu ammonifiealion or frmn 
tfie addition of a fertilizer chanqes the <*aleium from an insolidde 
to a soluble form: 

(NiPaStn 2ra<’in s. .\xy, . f’jcXu,- ■* Vix^A^ 'IHS> « 'Uj 
\ ra<’Oa sMiiyifan - 

The addition of acid jdio.spliait* or potassium chloiTi ai.so helps 
deplete thtj soil (if its f*aleium carbonate: 

2K('i e (ac‘<e Kj’ih t r^rh 

dlie absoluht amount of <*alcimn amd maqn«*.Htmn lost from a s<al 

vjiries with the ariility of a. rt'Kieit as well as witit llie cutniiu-ilioti 
of the soil. Hall <!.stiiuatt;s that the annual lo-.s from the Hotliain- 
sted soil, whieh eoutains about]M.!r cent, of calciutn earhonate, i.s 
from 800 to 1000 i)ound.s an a(,Tc annually, whereas in some part;-, 
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of Scotland, where liming has been practised for some time, the loss 
is from 500 to 600 pounds. In this country, where liming is necessary, 
the farmers usually provide for a loss of 400 pounds an acre annually. 

Bacteria are also responsible for the restoration of varying 
amounts of carbonates. In the weathering of complex silicates, 
carbonates and silicic acid may be formed in considerable quantities: 

CaAUSioOs + CO 2 + 2 H 2 O = Al2Si205(0H)4 + CaCOs 

According to Nadson, soil bacteria may cause the formation of 
calcium carbonate from calcium sulphate through the reacting of 
ammonium carbonate formed in the decay of protein substances 
with calcium sulphate: 

(NH 4 ) 2 C 03 + CaS04 = (NH4)2S04 -I- CaCOa 

Or even after the sulphate has lost its oxygen through the action of 
reducing bacteria, calcium carbonate may be formed through the 
action of carbon dioxid and water on the calcium sulphid: 

CaS 4- CO 2 + H 2 O = CaCOa + H 2 S 

Denitrifying bacteria may act on calcium nitrate with the forma¬ 
tion of calcium carbonate: 

2Ca(N03)2 4- 2 CO 2 2CaC03 4- 2 N 2 + 502 

Calcium carbonate may also be formed in the soil due to the 
action of bacteria upon humates and calcium salts of simpler organic 
acids: 

(RCOO) 2 Ca = CaCOa 4- RCOE 

Cunningham has demonstrated that Azotohacter clirodcoccum is 
capable of growing in solution of calcium oxalate with the formation 
of calcium carbonate, as were also six other types of organisms 
isolated by him. The presence of oxygen is essential for the process. 
He considers that an equilibrium is set up by which the withdrawal 
of calcium carbonate is balanced by the results of another set of 
reactions which restores the base to the soil. This enables many 
soils which contain only very small quantities of lime to retain their 
neutral reaction and so to produce fair crops. This, however, is not 
always the case, as is witnessed by the acid soils occurring in many 
agricultural districts. 

Phosphorus.-—Phosphorus occurs mainly in the form of the calcium, 
iron, or aluminum phosphate; in any soil the quantity soluble is 
small. Moreover, as soluble phosphorus compounds are applied to 
the soil they become fixed as insoluble compounds. lienee, the loss 
through leaching of this element from the soil is small under any 
conditions. 



MINEUAIA'AATION AND ^SOJjVENT J^ACTKRIA 


There are also varyiiii;' amounts of ori;‘ani(* phos|>liorus in soil, 
lliis oe(‘urs in th(‘ form of lecithin, })llo^pho-’p^otei^^s, and niieh'o- 
])roteins. Little has Ix^eii done* to d{‘termin(‘ tin* a<'tion of haeteria 
upon tluise compounds, hut it is to h(! exp(‘ct(‘d that they would In* 
hydrolyzed hy ha,cteria as th(‘y an‘ by feniHuds. 

Lecithin yields on hydrolysis t»;lye('rin, tw<» n!ol<*euIes of fatt\ 
acid, }>liosphori(* a,cid, and cholin: 

(V'nK4XPOi, j tna) ; rHa>; : 

h'f'ilfliii \v;il»T oleic ;iciU {(.'ihnitic arid I'l.Vrerol 

|>ho;;j»iif)nf; ari*{ rholiit 


Tlui ]>hosph()-prot.<‘ins yield on hydrolysis amino-asid^ and ph{)>~ 
phori(! a.cid, \vher(*as iiydrolytic* (‘h‘ava.U(‘ produc(‘s from micleo- 
pr<)t(‘ins carhohydrat<‘S, phosphoric acid, piiriti and pyrimidin base-,, 
with th(‘ int(‘rm(‘diat<‘ formation of nuchdis and ma-leie acid, a'i 
may b(‘ n'pnsscaitcal by tlu* bdlowinic scheme: 
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vScIadtiuihelm has shown that n(*arly all f>f the niK’lein Mib%tance : 
of fec(‘S <lisap])ear as tiuw uiahT^o autoputrefaction, lie and 
S(Lro(tter showed that ba(d(Tia may brin|.C about a deep eleava^^e of 
yeast mndeie acid. showa^d that some bacteria ha\e the* 

powc‘r to licpudy the sodium salt of nucleic acid from tb\mus. 

It se(‘m.s n‘as(mable, theref(»re, to ladi^ne that phosphorus would 
b(^ lib(irnt(‘d by soil bact<Tia in a somewhat similar mamter. If i^ 
known that the bacterial Ilora of tin* soil play a highly inipt»rtant 
rdhdn nMulcrinii: th(‘ phosphorus (»f the inori^cmie ptic^sfdiales aviuL 
able to tin? higher plant. 

Brown fcnnal that twelve* out of twenty-threi* barderia iseLiled 
from soil exerted a dedinite solvent action on difficultly soluble 
plant-food. One organism whicli produecal no gas liiit a large 
amount of acid showed tin* great<‘st solvent action upon calcium 
carbonate, wher(*as otluT organism.s which produccai gas largely 
eaiLon dioxid'^* but not as much a<‘id as the* former, ga\'e an adioii 
more nmrlaai than that of the stronger acid-produecT upon the 
dicaleium and triealeium phospliates, //. HuhtUh, H. nnji'tfiiir.s, 
JL pmtem mlgarh, and H. aoli (untimmviH, a.s wcdl a.:s se\‘eral agar 
cultures from garden soil, were found to he capable* ed’ eiissedving 
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the phosphates of bone and to a less extent that of mineral ]>hos-- 
phates. The greatest solvent action was exerted in media (*ontain- 
ing sodium chlorid, potassium sulphate, and ferrous sulphate. Even 
yeast may be important in dissolving phosphates. As suggested 
by Krober the life activity of the bacteria, that is, assimilation of 
phosphorus by the living organism, probably plays little or no direct 
part in dissolving the phosphates, but it is due to the action of the 
organic acids and of the carbon dioxid produced. 

The acids produced by bacteria act upon all phosphates, convert¬ 
ing them into the soluble monophosphate, but the rate of solution 
varies widely with the different phosphates. Tricalcium phosphate 
in precipitated form, dicalcium phosphate, and tetracalcium phos¬ 
phate of Thomas slag are much more rapidly dissolved than the 
crystalline or the so-called amorphous phosphates. The gencvral 
reaction is as follows: 

2 R COOH + Ca3(P04)2-^Ca2H2(P04)2 + (R COO) 2 Ca 

The reaction takes place most rapidly in soils containing large 
quantities of organic matter due to the active fermentation taking 
place in such soils. 

Grazia considers enzyme action to play a part in the dissolving 
of phosphates in soil, for he found the addition of chloroform to a 
soil reduced bacterial activity and decreased the acid produced, but 
at the same time the solution of phosphates was increased. This is 
in keeping with the finding of Bychiklin. 

The presence of ammonium chloride and sulphate in the cultural 
media is especially effective in increasing the solvent action of 
bacteria, according to Perotti, who considers the su(‘cessive steeps 
in the solution or decomposition of phosphorus comj)oinKls by 
bacteria as follows: (1) generation of acids, (2) secondary reactions 
in the solution, and (3) production of a soluble phosphorus contain¬ 
ing organic substance. The first two of these are the result of 
the activity of the bacteria on the phosphorus, and tlie last is due 
to the metabolic assimilation of the microorganisms. 

The oxidation of sulphur by soil bacteria may at times generate 
sufficient acid to play a very important role in dissolving soil plios- 
phorus. Hopkins and Whiting, however, consider that the nitrite 
bacteria are of the first importance in rendering ph()SX)horus and 
calcium soluble when they oxidize ammonia into nitrites: 

(NH4)2C03 -f 302 = 2 HNO 2 + H 2 CO 3 4* 2 H 2 O 

The resulting nitrous acid then reacts with the raw rock phosphate, 
rendering it soluble, thus: 

Ca 3 (P 04)2 + 4 HNO 2 = CaH4(P(.k)-> ~h 2Ca(N(h)2 




ITf) M!x\KRALlZAri()N AND SOI.VKNT HACTKUiA 

1 1h‘ Jictiial nilio loiind s1h>\v(‘( 1 that about oik* pouiid of plK^^- 
pfiorns and about ( wo ]>oiuids of r-alciuni arc made* soluble for each 
pound of nifroicen oxidized, asidi* from tin* actimi of (he acid radicals 
assoeia,t(*d wifli tla* ammonia., ddu* ear!>onie acid uould pla\ an 
im]>ortant part also in this r<*a<*lion: 

ni'CO;. } ar;iun*n:j i 

I Ik^v }(»und that mallK*r ammonia-produeinj^’ bacteria mar nifrale 
baet<‘ria. lib(‘ra{(‘d appr(*eiald(‘cpianf ities ol soluble phos[flioru:- from 
insolubl(* phosphates. 

\\ hereas this would readily occur in soil poor in ealeiuin <“arbonafe, 
in those rich in ealeium earb(uiat<* theua* would be onh small (pianti- 
ti(*s of phospliorus lib(‘rat(‘d. acemalinj^^ to Ke!l<‘y. Ihit where the 
soluble phosphorus is bein.u' rapitlly numnei! by the tirouint;' plant, 
oi (*\c*n b\ bactmaa, t.h(U*e is htth* doubt, that the \‘ariou.s ‘(ul or^aii” 
isms phiy an important part in nmehuan,^ phosphorus soluble, for 
nrsults (ddaimal at tin* rtah KxjH‘riim‘nt Stat ion show there to be a 
r(*lationship b(‘t.W(*(‘n th<* inenaascal nitrifieatitm produced by \ariou.'-i 
salts, and di(‘ (|ua.ntity ol watiu'-solubh* and or^pinie pliospboru.-. in 
.tin* soil, d his is illustrated by the bdlowinij^ re>ults which ,u'i\<* flu* 
nitric* nitro^uui, wat<*r~solubl<* and or/xanie phosjdiorus in a soil after 
various tiaaitments, tin* untn/atcal soil b(an^^ eonsidcaa-d as HH) per 
e<‘nt. 


ia<:K CKNaa xnaiK' NTnaxiKx WAanu sohsulk and fumAXir mnas- 
rnoutss (xaa'uuiNc; i.\ s(ur. hkckivinc; vaukh s sAf.as. 
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Moreov(*r, it is evident that AztiUAuivler in their nHdaboIi.srn t rans- 

form soluble inorganic soil constituents either into sfiliil.lc or into 
insoluble organic forms. *J'his is esiieeiall.v true of plio.splK»nis which 
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isFoiiiHlin tin* a 4i nf {1m* -III-in -ui'h la!v:«‘I 

{>h(>sf)hnrn-, nn fiM*(l<‘atli of thr or^ani an, would Ih- rofnru'- l to fla* 
snil in a roadil.v aiailahlo form. f<»r Stokla .;r lia ^ fonn i that, oti [H-r 
ccait. of tho iiitrop*n of those ortcaiii an. i ^ nitriiif‘<l \utlfin i\ ueol, . 
and there is no rea oii for helie\in^ that the phoiplioru - luniid he 
li]H‘raled nnieli na»re slowly, d'hefi there i , the po ; ihilit \ t hat inaii ■. 
of eon-.{it lien ts of tlie ha<'fenal <*(‘11 nia\ lM*eoiiM* aiadahte, 

thronydi tin* action of antolytie eiryvnios without tla* inferu*nlieni 
()f ot ht‘r haeteria. 

It is furl her «*\ident f liat an organism uiiif’h pit, e.j", iIm* poiur. 
when ; 4 rou inLr under appropriatf* (’ondititui s of ^.teta^ratiny 1..’* Iuim- 
its own body w<*iydn in <'arhon di(»\id diirini: (went;, four lioiir , a 
do(‘s tin* niu 4 irr<‘atly ehanyi* tin* e(Unpo ifi«»n <*f the' 

media in whi(*h if i - yniwiny. Wat(*r eharyi’d with earlnm <rM(\{d 
is a inii\er-^al sohent and uill attael> (‘\<*n (U'dinary (fiiarlz r«M'L 

(»ranit<‘ and rock.r(dat<*d t(» it an* ratlM*r <|uiekl\ att;t('lvf'd, uith the 

lilasration of faita intn and other (*!enient s f’arieuiafet! uater 
Would act iiptm tla* tri<*ah’iuiii pho phati* of tin* aiii \\itli tin* forma 
fion of mon* readily ojluhh* pin*ydiat**f(*r thi i adotaitee i> f(Mir 
tinnssa ' sdnfjle in water eharLya! with earlaui (ii<edd a it t in pnr*^ 
water: 

('n. f’‘», - :*< ■« e ‘ :nf"« ♦ ■■ < Si ff. I'( e ■ « < o in '« e . 

M<ire<}Vrr, tin* nitr(»^en-fi\iiuf (♦rmitdan’. form, amony 
pnaluet', formic, ae<*tie, iaf'ti<*. hutu’i**, aial other aei«l . The kind 
and (fuanfity of ea<*h d<‘|ientl upon the p<*eilie oryani m atid upon 
thf‘ snl» tanee on whieli tlan are aetiny, Tla^ e uh tanee are are 
to e<a!M* in e<mta<*t with amn* inadiilih* plant ha hI utu<'h ma;. he 
n‘n(h*n*d a^uhle. ff»r flan havi* a Itiyhly uilvent action on the 
insoluhle plio-phafe . Tlte n‘ailfiny .alt<d’ eah iimi \unihl hi* 
fnrtlj«‘r attacked Ins le'nUf’Ha, \utfi the formafiem of isaleium ear- 
honate. 

\Vhf*f!ier the-e proee-a*s^ will yive ri :e to an inerea -.e in tiii’ -mater., 
soluhli* planl”food of the sdil de|H“nds upon whefl-ier tin- produef . 
of tin* M'l'iuid, tip* ana!\i.ie reactions. e-He<-<*d th<* pr<»duef . <»f ihe 
first, the syntltefii* reaefion.H, It must not Im* foryottem that, 
althoiiydi man)' of iIp* organic pfm.splionr'i lamstitip'Uf ^ iiia.;. not fa- 
soluble in pure water, the>’ may be more available the Irsiuy |i!.'inf 
than are the eofistituefits from whieh they wm’e at lir u dern. ed 
througli hac'ferial a(’fi\ity. 

dliis hf*iiig the eu:‘i<% variiition.s in the resulfM reporti^d from 
lahoraiory testH an* In !«* eK|.eef.eiL St<ikta.sit found that ha.-elena.! 
activity reiidcr<‘d tlie phosphoruH eit the Mill uutrr soluhhn wlierea,-:. 
Severifi, in his eariy work, found the oppcedfi* to he trye, Oihrr; 
have found tkiat tin* Htdveut aetion hin-teria for iiis.ohihlr* pho-v... 
phate is in direct proportion to th<‘ aeid :sccT<*tetl hy the e^rgatii an. 

12 
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MIXKUAUZATIOX A.\'I) SOLVEST EACTEEIA 


In u Infer work, Severin ohinineii difl'erenf re.'.iiits. He n.'-ed tlire( 
soils one sterile, ;i se<’oiiil sterilized mid inoculated witli jiiire 
cultures of .IrS'i/nl/urtfr. mid :i third sterilizeil mid inoenliited with 
cultures of /’.v. ntdiiimlii mid .izidolniiirr. 'I'lie Milnhilit_\' of flu' 
I>hosi>h(>rus increased S to M [ler cent, oem' that in the sterile soil. 
The !ieid-])rodueinK organisms, due to the m-id secreted atid their 
intiniafeeontiiet with the soil [nirfieles, possess the power of dissolv¬ 
ing silicates. Moreov<-r, ar.-enie jireatly stiniiilates nitro-^en fixa¬ 
tion, iukI there is a relationship hetweeii this increased haeferi.'d 
Jictivit.v and the form and qiniiitity of pho>i)horus found in a soil. 

Althoui^h the nietahohe aefi\il\ td .iztdfdidcici' ^i\es rise to lari^i* 
(mtintitics ot ]»hos[ih;ife .soKeiifs, yet these orf^iinisin.-. Irtinsfonn 
phosphorus into oreanie iihosphorus eonipoiinds less rapidlv than 
<lo the iunmoniliers. 'rhere mv, however, eases in which haeterial 
iiefn ity has decreased the^ water-,sohihle pho-sjihorns of the soil and 
of rtiw rock phosphiite. 1 his does not nietin, howevi-r, that it is 
le.ss aA ai lit hie, lor, :is pointed out hy 'Friioj', flic rnixiiij^ of floats with 
nianure caused an iniinedhife .leirease in tlie solijhility of the phos- 
phorns in tt.'J per cent, citric acid .solution, yet when tlioroiipdily 

mixed wifli tin* ..liii^ area of the soil its availahility was increased 

to such an extent that .some specie:-, of jilants were apparenth- aide 
to .secure almost an aileiinaf.- sniqd.x of phosjdiorus froiii this 
material. I he addition id' manure to a .soil p-reaflv inen-aHcd the 
eartion-dioxid produetion, and fora .short time iiieasiirahlv increased 
the .sidvent action on float.s. Where there i.s for a time’a decrease 
<d water-.s(dul)le pho.sphorns m fermenting media, it is prohaldv due 
to tlui lorniation of pho.spho-proteins within the hodies of the 
hueteria, which would later he rendered sohihle due either to further 
nM<*t(‘rial or t(» aufoliiic f*n7.\ iu(*s. 

Sulphur. .Siilphur i.s an e.ssentialVleinent for all plants, hut the 
quantity required is relatividy .small and most soils eonfain .siiflieient 
lor maximum eroii production. It oeeiirs within the .soil mainh- as 
Hulpliate nr or«ani(-,sulphur, and fhe.se siihstanees are often materiallv 
<-haiif'ed liy haeterial activity. 

Iketeria net on .sulphur eomi>ound.s in threi* wavs: (1 1 on complex 
organic (•ompounds with the produetion id' hydrogen sulidiid or 
mereaptans, I2j theoxiilation <d sulphur eompound.s oeeiirring in the 
sou, iuid (.;j the o.xidation of sulphur compounds, espeeialh- hx’drogen 
su phid by the true .sulphur hueteria, with the produetion' of'riudallie 
.sulphur, .sulphuric acid, and ex-entually mineral sulphate.s. 

Hydrogen sulphid i.s produced hy the majority of the coinmon 
laboratory forms ot bacteria. Lafar states tliut tliis faculty i.s excn 
very common among the pathogenic bacteria and was ab.sent in not a 
single one oi A7 sjxjcies e.xatnined. Other bacteria pos.sess the 
power of reducing sulphates, beijerinek found infsoil an organism 
whicti fie named Hpinllurn dcmlphuriccm and wliieh Van Delden 
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later classified as Microspira desulpliuricans which possessed the 
power of reducing sulphates. Another sulphate-reducing organism 
is Msp aestuarii. These organisms act only in the presence of 
organic matter: 

MSO4 4- 2C = 2CO2 + MS 

The true sulphur bacteria possess a directly opposite physiological 
action to the reducing bacteria. There are two genera of the 
true sulphur bacteria recognized— Beggiatoa and Thiothrix, Beggia- 
toa is filamentous, motile, and morphologically resembles the blue- 
green alga, Oscillaria. Thiothrix is not filamentous nor motile and 
possesses a sheath and forms spores. The sulphur bacteria contain 
in their protoplasm highly refractive inclusions of amorphous sulphur. 
According to Winogradsky, a single Beggiatoa thread used in a day 
two to four times their own weight of hydrogen sulphid with the 
production of sulphur: 

4H2S + 2O2 = 4H2O 4- 4 S 

The sulphur seen within the cell protoplasm is to be looked upon as 
an intermediate state in the oxidation process, for if the organisms be 
transferred to fresh water these soon disappear with the formation 
of sulphuric acid: 

2S 4- 3O2 4- 2H2O = 2H2SO4 

This reacts with a base, usually calcium carbonate, with the forma¬ 
tion of calcium sulphate: 

CaCOs 4“ H2SO4 = CaS 04 4- H2O 4- CO2 

There are also organisms in soil that can oxidize sulphur to sulphuric 
acid which in turn would act as a solvent for plant-food. Moreover, 
small quantities of sulphur added to a soil will increase ammonifica- 
tion. It is likely that much of the benefit resulting from sulphur 
fertilization is due to these factors. 

Brown has recently shown the power of oxidizing sulphur to vary 
with different soils. Aeration and optimum moisture favor it, 
whereas the addition of carbohydrates, depresses the process. He has 
elaborated a method of measuring the speed of sulphur oxidation in 
soils and given to it the name of sulphofication. 

According to Lafar, the importance of the sulphur bacteria in the 
economy of n ature is unmistakable. In cooperation with the sulphate- 
reducing bacteria they insure that the sulphur cycle pursues an un¬ 
interrupted course, the elements being taken up by the higher plants 
in the condition of sulphates and deposited in the cells in the torm of 
organic compounds from which, in the course of putrefaction, sulphur 
is liberated as hydrogen sulphid, and finally reconverted into sulphates 
by the sulphur bacteria. It then recommences its course through the 
higher plants. 
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MINERALIZATION AND SOLVENT BACTERIA 


Iron.— -The iron bacteria resemble the sulphur bacteria greatly in 
their metabolic activity. The best known of these organisms are 
the Crenothrix polyspora, Chlamydothrix ochraeea, and Spirophyllum 
fermgineum. Winogradsky considers that the iron is deposited in the 
sheath of the organisms due to a physiological reaction, the organ¬ 
isms oxidizing ferrous to ferric compounds: 

4FeC03 + 6HoO + 02 = 2Fe‘.(OH)6 + 4002 

The energy so liberated is utilized in their growth. However, the 
investigations of Molisch, Adler, and Ellis show that they grow well 
in a medium devoid of iron and that the precipitation of the iron is 
due to chemical and mechanical processes independent of the physio¬ 
logical activity of the organism. They play a great part in the 
deposition of bog-iron, though not the only cause, for Molisch con¬ 
siders that well-known physio-chemical agencies often play an 
important part in the process. Manganese may at times be found 
in the sheath of Crenothrix, in large quantities. 

Potassium.— This element is required by all plants in compara¬ 
tively large quantities, and the total supply in nearly all soils is 
exceedingly large as compared to crop requirements. Yet potas¬ 
sium is quite extensively used as a fertilizer, and this with beneficial 
results. This is due to the fact that its addition to a soil well 
supplied with available potassium results in the liberation of other 
more deficient plant-food elements. Moreover, it may be applied to 
soils having a large quantity of total potassium, but a small quantity 
available to plants. Therefore, one of the problems which is con¬ 
fronting the farmer is how to render available as needed by plants 
the large supply of potassium in the soil. 

The potassium occurs in the soil mainly as silicates and is rendered 
soluble by the nitrous, nitric, sulphuric, acetic, lactic, and butyric 
acids, and by carbon dioxid. The last may react with inert potas¬ 
sium resulting in the formation of available potassium according to 
the following equation: 

AI2O3K2O. 6 Si02 + CO2 + 2 H 2 O .= AI2O3 2 Si02 + 2 H 2 O + 

K2CO3 + 4 Si 02 

Hence, the addition of animal manure, green manures, com¬ 
mercial fertilizers, or even soil amendments may increase bacterial 
activity and in a similar degree increase the soluble soil potassium. 
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CHAPTER XVIII. 


THE CARBON, NITROGEN, SULPHUR, AND 
PHOSPHORUS CYCLES. 

Plants contain ten essential elements, and these elements found 
in the body of the plants or animals today are the same as those 
which constituted the organic world thousands of years ago. But 
between these dates they may have played many parts, or, in the 
words of Duncan, “We believe—we must believe in this day—that 
everything in the universe of world and stars is made of atoms, in 
quantities x, y, or z, respectively. Men and women, mice and 
elephants, the red belts of Jupiter and the rings of Saturn, are, one 
and all, but ever-shifting, ever-varying swarms, of atoms. Every 
mechanical work of earth, air, fire, and water, every criminal act, 
every human deed of love or valor; what is it all, pray, but the rela¬ 
tion of one swarm of atoms to another? 

“Here, for example, is a swarm of atoms, vibrating, scintillant, 
martial they call it a soldier-— and, anon, some thousands of miles 
away upon the South African veldt, that swarm dissolves—dis¬ 
solves, forsooth, because of another little swarm—they call it lead. 

“What a phantasmagoric dance it is, this dance of atoms! And 
what a task for the master of the ceremonies! For, mark you, the 
mutabilities of things. These same atoms may come together again, 
vibrating, clustering, interlocking, combining, and there results a 
woman, a flower, a blackbird, or a locust, as the case may be. But 
tomorrow again the dance is ended, and the atoms are far away; 
some of them in the fever germs that broke up the dance, others are 
the green hair of the grave, and others are blown about the Antipodes 
on the wings of ocean, and the eternal everchanging dance goes on." 

In this building up and breaking down, bacteria play an all- 
important part. The higher plants build up the carbon and nitrogen 
into complex organic compounds. This same end is also accom¬ 
plished to a lesser degree by the animals which, however, mainly 
act as analyzers of organic matter, but the master analysts are the 
bacteria which are continually resolving into simple and often 
elementary constituents, the plant and animal debris. Were this 
not true, all the carbon and combined nitrogen of the world would 
soon become locked up in the dead bodies of animals; plants would 
starve and die, and animals would likewise become extinct. There¬ 
fore, bacteria are the link between the living and the dead. The 



1S2 THE CARBON, NITROCBN, AND BHOSDJloRi S (A'ClKS 


<il)S(‘n(‘(^ of I)U(‘t(‘ria. is iii(*()rn]>iit with lifV nii I hi; raiilu (ti\ a-, 
slatted hy IhisttMir, “tlaw an* tlu* iin]H>rtaijt, ahnt>sl flit* fail\. aa«*nts 
of uiiiv(‘rsa.l hy^n(‘n<‘. 'rh<‘y (•l(*ar away rnara (jnirkl\ fhaii I la* 
of ('oiistaih.iaopla or tin* wild h(‘asts of f la* dasort, fha niaaiii '. of 
all that has laid hh*; they prot(‘(‘t tla* !i\’iii|^ a^alri>l tlia dc‘ad: thay 
do inon*; if th<‘r(* an^ still livirii; h(*iii,i(s, if, sina<* fha htnidrafh; of 
a(‘iitun<‘S th<‘ world has haan iiihahil(‘d, lih* r-ontiniias, it is to fhain 
w<‘ ow(‘ it.” 

The Carbon Cycle, (‘a'rhon oaatirs fr(‘(* in tha aarth a ; aoal to i1m‘ 
(‘xt(*iit of oV(‘r r>()() l>illioii Ions, (’la'iniaally af)fnhiiH*d, it i> found 
in far lar^t'r ({uantiti(‘S in lin![(‘ston<‘, (‘halk, inarhla. aial doluiuita 
rocks which form such a (*onsidf‘rahla portion of fha rtni’aaa of tha 
<‘art.h. Aaaordinj;’ to Pattankoh*!*, a man wai^^hini^ lol ptHUid* 
(‘oiitains 2h.'l pounds of aarhoii; no lass tljan 2o7 inilliraj ton " uaiaht 
of it is, th(‘rafon*, ston*d up in tin* bodies of man and woman li\ inj; 
uf)on th(‘ <‘arth at tin* pr(‘S(*nt tiiia*, to say nothiuf^ of tia* far ^jirautar 
(juantiti{*s o(‘aurrin^ in tin* tissu(*sof tra<*s, f)k'ints, and lfn\ ar animal-. 

( arhon dioxid o(‘<*tirs in tlu* atmosph(*n‘ to fha extant of fhraa 
parts in l(),0()(t. This is tin* (*(pavah*nt of (Iftf) billion ton - of carbon, 
Mor<‘ov(*r, tln^ o<’aan is a vast r(*s(‘rvoir of aarlam di«>\id, ulnali i- 
]>artly in solution and |)artly aombinad. Batwaan the airfaao of 
tin* S(^a and tin* atmospln*ra iln*ra is a. aontinnal iiitarahanpn each at 
tinn‘S losiiif^ and at tiim*s ^ainitifc tin* ^as. 

rjtrbon dioxid is ln'inji; a<ldad t<» tha air from ,a\**r;d amraf*': 
the combustion of fin*!, tin* respiration of animals and tha da<'a\ of 
orfi;ania nnittcT. It is also bainj^ (*volv(*d in anonnoiis quantitia; 
from mineral spnn|i:s and volcanoes. Knigh a.-^timata^ tliat tin* 
annual consumption of coal adds yearly to the almo^phara about 
on(‘4.tnaisa!nlth of its prasant cont(*nt in (xirbon dioxid. Wan* 
than* no factors ofrs(‘t tinji( this inanxnsa in at mospharia carbon dioxid 
animal liia would soon baaonn* (‘xtiin't. 

On tin* oihtT hand, than* arc two lari^f* fat'tors at wm’k ramovini: 
c*arl)on from tlni atmospInTta first, tha daafmpHisitiot! of carbon 
dioxid by plants with the Iih(*rat,ion of oxygen, and seamid, the 
eonsiunption carbon dioxid in tin* weathering of rocks. Xo 
pr(‘ais(‘ valuation <'an lx* giv(*n to (*itln*r of tliasa factors, alflioiigh 
various writers havx* a.tt<*ni])tecl to <*stimate their magnitude*. C Indv 
<*omputes that l(»af action alone more* than eompensales for tin* 
|)r()(luc!tion of carbon dioxhl. <'hainbf*rlain <*stimates that tin* 
amount of (tarbon dioxid annually witlidrawn fnmi flic alnmspliera 
is 1,020,000,000 tons, and that tin* gn*at(*r part of this is taken ii|» 
by the weathering of mirn*rak Tiiis is eontimiiilly being returned 
to the atmosphere by the faetors eonsideTed in the |>re(*af!iiig aiiapter. 
There are then two eom|)ensating sets of fii(‘tors '■deaa.y, respiration, 
and combustion lilxjrating carbon; plant growtli and rock weallier- 
ing fixing it. These balance each otlier, tlna’i*by coiii|>letiiig 
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the carbon cycle and rendering the carbon-dioxid content of the 
atmosphere nearly constant. 

The Nitrogen Cycle.—Since nitrogen occurs as an essential part of 
the structure of every plant and animal, it is founddn all crops and 
crop residues. It occurs in the top soil in proteins, protein decom¬ 
position products, ammonia, nitrites, and nitrates. It is not found 
in the mineral matter of the earth except in shales and other deposits 
containing the residues of plant and animal bodies. Hence, the 
quantity in the combined form is not great when compared with 
other essential elements. Yet it is required by all living organisms 
in' large quantities. Many of these are returning it to its inert 
atmospheric form. This fact led Sir William Crooks, in his famous 
address before the British Association for the Advancement of 
Science in 1S98, to predict dire calamity to the human race if science 
were not able to utilize atmospheric nitrogen. 

In the free form, nitrogen occurs in enormous quantities; four- 
fifths of the atmosphere is composed of it. Dr. Hopkins has pointed 
out that the total supply of nitrogen over each acre of the earth’s 
surface, if available, would meet the needs of a hundred-bushel crop 
of corn every year for 500,000 years, whereas the supply of carbon 
is sufficient for such crops for only two years. Nevertheless, 
carbon has no commercial value as plant-food, while nitrogen in 
available form is worth from 15 to 20 cents a pound on the market. 

The same atom of nitrogen at different times plays many different 
roles. One of the triumphs of agricultural bacteriology is the 
advancement which it has made in following nitrogen through its 
cycle. 

Nitrogen occurs in the plant and animal mainly in the form of 
protein. The plant protein may be eaten by the animal and produce 
animal protein. Either may reach the soil and decay. The nitro¬ 
gen eaten by animals may be deposited as tissues of the animal or 
excreted as urea, hippuric or uric acid. These products are acted 
upon by bacteria with the formation of ammonia. 

Either the plant or animal proteins may reach the soil where 
decay sets in with the formation of albumoses, proteoses, peptones, 
peptids, and amino-acids. The amino-acids are then deaminized 
with the formation of an acid and ammonia. The process is spoken 
of as ammonification. 

The ammonia does not accumulate in the soil, but is acted upon 
by other bacteria, the nitrosomonas, with the formation of nitrous 
acid. This is quickly taken up by the nitrobacter and oxidized 
to nitric acid which reacts with bases in the soil with the formation 
of nitrates. The nitrates are the main source of nitrogen for the 
plants which build from them and carbon dioxid, amino-acids, 
peptids, peptones, proteoses, albumoses, and finally plant proteins— 
and the nitrogen has completed its cycle. If this were the whole 
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story I ho (jiiniiiily of oonihinod nitroy^ois in tin* WiM wouhl n*nui!ii 
ootistant. P>ut it is not there ar(‘ ntan\' leaks’in flu* ryelo. Some 
of tli<‘ plants and animals may he hnrned with the liheration free 
nitro^nni. Millions of ]>oun(ls (»f it niieh sewers, au<l Iroiii hen* 
riv(*rs, Iak(‘s, and (»e(*ans. In time this is broken down and the 
nitrat(‘S so fotim^d an* re<lu<'ed hy d(*nitrifyini4 haet(‘ria wit It the 
liheration of gaseous nitro^(‘n. d'he pro(*esses ol deea\ eontinualiy 
]:i;oin^ on may also lilx'rate fn^* nitrogen. 1‘Mrtherniore, millions of 
pounds of nitnt^en are n‘turn(*d to tin* air hy e\plo>ives. tin* 
eomhinial nilroi^en would (amtiiuie to ^row l<*ss were it not that ot tier 
factors are at work in natun* eansinii; it tf) <‘omhine. hhery Hash 
of li^jjhtiiin^^ eans(*s sonn* nitr<»gen to eomhine as oxid^, Imt the 
(piantity of eomhined nitro^n*n thus fornH*d isrelativt*ly indioiiheant. 

maj(U‘ fac’tors an* hioIogieuL dlnua* are within tiie -oil two 
gr(ia,t groups of ha(*t<‘ria which possess the p(AVf*r of fi\!n.a nitro^i'n. 

iirst the non-syinhiotif* iiitro^n*n-fi\ini: or^mni^auH !is’in.t^ fna* 
in tin* soil tire ahh*, with tin* emaxv they obtain from the oxidation 
of orpinie earhon, to huild up complex orymnie nitrogen eompoiindx 
'’rh(‘r(‘ an* two groups of th(‘se (organisms tlie aerohic and tin* anae- 
nd)ie, th(* first i>(‘ing tin* more important, 'The (gher elas^ of 
nitrog(*n~fixers is tin* symlaotii*; tla‘se Iha* in i’onjnnetimi with 
h‘gunies and oldain from them c*nrhonaeeous materiak and in return 
giv(^ eomhined nitrogim. In <Mth(‘r (’as<* the <*ond)iHed nitrogen 
h(‘eoUH*.s available* for higlier plants, d'hen it again starts on its 
journey lltrough tlie living and the deack 

The Sulphur Cyde.-“vSulphurisanessentiuh*lement lor all plant sand 
animals, hut tin* (|uantity n*(|uired for normal grou fh and devehip- 
ment is n'latively small evt‘n when eompared with tlie small per¬ 
centage*. found in soil. It oeeurs in tlie soil as organie* aia! inorganie 
sulphur, d’he former is d<Tiv<*d from the plant and animal residues. 
These are ut‘ti*d upon hy mi<’rofirgauisms with the lifH*rati<iii of 
hydrogeaisulpliid, sulphur duixid, and sulphides. Some of flw* hydn»- 
geii suliihid is earri(‘d into the* o<a*an or soil hy tla* first rain; Homeiif it 
reacts upon the iron silicates of the soil and forms pyrtfe or marc’ii- 
site, hut most of it is oxidized hy ha(*teria witli the formatiem of 
sulphates. TIh^ sulphur dioxid is also furtlier exxidized to sulphates, 
wlicii they an? again taken up hy plants and start anew’ ufion their 
wonderful journey througli l)a(*t(*ria, high(*r plants, and aiiimaLs. 

The Phosphorus Cycle.- Phosphorus (a-eiirs in the .sc»il in the form 
of calciiun, aluminum, and iron phosphate, also as organic phos¬ 
phorus. It is also found in places as huge deposits of roc*k phos- 
{>hate. It is an integral part of ev(‘ry living plant and animal ec*lk 

In thest.^ it oe<*urs in two forms..-'organic and inorganie. Tire organic 

phovsphorus occ'urs in tint nuedeo-proteins, phospluepr(d,einH, aitd 
phosplio4ii>ins. 

The mineral |>h(>sphates of the soil are rendered soluble through 
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bncti'rial m'tnh} . a:> nutlirnMl in a {»n'<T<iinu ^’liaplcr. 1 hi i 

lip h\’ flir livini: fjiaiil aial it<*<1 cifla-r a <»r‘!aai‘' <>!' ifitJiraa!* 

ph«>spli<»rii.>foinpoiinih^ williifttlK* plant fi. la- . 1 li«“ f ♦la nf 1 1 la . 

if rafan hv animal '. \inl<l pho phorii - tn tin* animal t<» laa! «!“>’ n 
in t li(‘ IhhIv nf flir animal a - nrtranir nr intirpaim* cnmpMinMi tin 
<*x(*n‘ta nf animal - alH ji> ^ (’untain {^lio plinrai in Imih nn .tm* an*! 
innri:ani<* fnrim. 'TIh* imniranin plar-.plit»ru . i- nanlil;. nfsli * <1 
plants and aLrain 7art ^ nii it . <'\r|r, Iloum. rr. fh*- nrraim- and 
animal m adun. mu t Ih' min<*ra!i>'nd Ip. hantrria Im tniT fla ; <sii! h» 
ntilizial a.irain h\ plant .. Minmtinnnn an plit *»ti thr rarlMaja* « nii 
mati-rial and thr phu phnni . i < lilmralfMl mainly in fin iMiin *<1 
plm-pliatn-. I ndnr ajiiH* fnnditi<ai muld artimi ma; ri^*- la <• to 
small (juanlitiiv- <»f plm phin u hirli mn t li** aaain (ajdi a d fn f.a* 
Iain;;' availahir !«» hi|.dinr plant . In mllmr r-mmf., fli»' n ulfni;* 
ph(nf>liat«* nt»u rrad\ t<» tart »»n it ■ ifuirnr f!n<aridi tin 

plant and anitnal uri!:ani>4n. did i draniatiaall} nutlnad i*a .i 
plinsplinrij'. afnm hi (HW \irifnr a tulinu : 

“WIhtu ua- f All. that I ranrnP tidl ;nu It a,a tar. 

far away fmin Imm, drn|> in thn tanlln • ah; <<1 pa» * , at an « | h 
sn di>tant that r\nn tIn* rartli nn u lin’d «ai liv »* hati ma h« rn nn nn 
as y(*f; not f'\«m tin* arraf un. n«iu hta/im: in hi idm'; . ma an *4 
thn iinminrrahh* multitmin n| tar. <»!’ tin' nf<sit unn i r » hm ♦ 
^liinina: in tin* d\i , hat! a ■ i nt ntuin* itifn hrinip \fn thn; m* if 

nnid wldlf;- nf invi-ildn iafH»r. -a'allrmtl hut all .■pa.ta-, irnni.tiP m! 
\vnrld> \'aid"J'i<‘d innn-' h«*t’nn* fid- |.p’i*'al uniirr -n hr-san. t fnt «■*! ih*- 
\'a '7 I nanan hum infit tliaf ^p'nat ',na nf rfln-r uhn-h in hr 

imhmknn t’nan 4ar In far thrfnj|.di all iim f-ndh* d» ptii pa* ’ 
.‘^(tinr \'a4 rliaim-n, -.nmr muminriim and -tirnni' **i puniinn 
in it.-, hn-ami. ftifi’n-- ‘a*arn(” hniiwn, a*arrn dia'aint «»!. hiit -anrlifi,-; 
tlinrn in irrnd-fihlf* nii|.!!it. Iir4 Itrmiatht infn ht inn. ami ! Inifs;* 
>U'''p<*nd-nd ill tin* mid. !t tta-. liffrrl;. r«.»ld ami ipirrh d.iih, 

and pdt’amin;.mafar in f la* di‘tanni* ! ftadd a-f. fhr m;. riad hrr'. ..i fh# 
|arc*at wnrld'^ ami -aim- of -pann .Idnini' at nn* thmiiph th*- hiaiiai*- ' 
Ih.nv' Inim ! liuni.! in tin* %nid I himu nnf. It niillnar up».?. 
ndllinnsnf \nar.-n llimi alniii.s hn^nan fnpatln-r rniimi ims 
wi.s\ c'cnidnir fmm afar in pinf''’.phnrn>rini..' fnrrr-nf ■. and I pri.*.rr * »| 
that I airnad.v fnrinmi purl nf a nni -nf i^a a hiip«- m-hniM,, 

wldrli :strn!nlif“d itn i,di 4 anfir nruv'^ ant fnr ndllinm- *4‘ fnih-^ lila" * a a 
fiamin^i: sw'ord"n flimiigh llm durknnrs fif ■jain'. And a* I fnina fm' 
of tiin<\ W'ldln atmn afliT afmn in an rndh*'-^ ’.tmaiii ftadird 
pa,Ht mn in tin* 141011111 , ivldfn tlm i^rrat indmla 'dom 1 ;. drmv f.,prf||r} 
in its ydnipu and hn^nni P* takn '^diapi* and form, dlnui fin* ■ 

turn hi*i:aii li> ri*a* in Imifi'^am! imnnd .. if filli.mz !n»t. and s:r»sit 

li^htidiii^s and i|iiivnrnd nhout fiM% and un atom. «ro:sd*-d 

imm* and morn lognihiT, rollidinpo u'ldrliimn fliiimn Ism-h *-^oial | 
.Slimier a. tlmtisaiid inillinn atnin-i -and at nanh oolHoni in;, motion po-'A 
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more and more violent, until after millions upon millions of years of 
this tumult, I found myself part of an immensely hot flaming mass 
of gas, part of an embryo sun. There in the whirl and roar of this 
elemental flame I remained for unthinkable ages, but at last vast 
thunders beneath and around me made me aware that something 
tremendous was happening. It was a world™my first world— 
gradually condensing out of the fire mist, and the gigantic explosions 
which occurred from time to time were just great seas of boiling rock 
leaping upwards. I will spare you the account of how I entered 
into that world, and saw it slowly form and develop into a fair planet, 
covered with wonderful swarming masses of living creatures, with 
great cities filled with busy life, and wonderful civilizations. Nor 
will I tell you of how that world grew old, and passed into a vast 
desert, and finally, after wandering for ^eons of time in darkness 
and silence, burst suddenly forth into flame, the victim of a great 
cosmical catastrophe, and, like a bubble, vanished, exploding into 
incandescent gas. Nor will I tell you of how, far flung, I fell upon 
another world, and saw this world too in time perish; and of how 
I passed from world to world, and formed part of world after world, 
wandering in mighty migrations through space, until at last I joined 
the fire mist from out of which, ultimately, this present world of 
yours condensed amidst titanic convulsions. You will, therefore, 
see that even before your world began, I was old, immensely old. 
I will pass over all this and come to a time quite recent, when I 
found myself forming part of the molten fire underground. Here I 
lay for age after age, while the land above me was being eaten away 
by wind and rain and storm, and was buried—continent after 
continent crumbling into ruin—into the great ocean waiting 
patiently to receive it. Now I was urged upward by vast forces, 
slowly, steadily, for thousands of years, until I finally was uplifted 
to form part of a hard, cold rock, which soon reared itself into a 
mighty cliff, beaten upon by wind and rain and storm; I have a dim 
recollection of looking out from the cliff face upon a widespread blue 
sea, filled with strange vast monsters, which have long since vanished 
from the earth. But at last the cliff was washed away and I passed 
into the great body of the sea, and was absorbed into a tiny plant, 
living beneath the salt waters; but this was devoured by a glittering 
gorgeous fish, and so I entered his body. Then this fish was 
devoured by a reptile, which, creeping out of the water, entered a 
swamp and died, and its huge body decaying, I was washed into the 
soil, and there meeting with the rootlet of a plant, I entered into and 
formed part of it; and this was eaten by an animal; and so I entered 
into its body and formed part of it; and this was eaten by an animal; 
and so I entered into its body and formed part of his bones. While 
we were crossing a ravine one bright sunshiny day, millions of years 
ago, a green monster flashed out upon us and slew my master and 
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devoured me. After a time my new host was also slain in a similar 
manner, and his body, decaying in the rank grass and vegetation of 
the swamp, I was ultimately washed out to sea in a sudden flood, 
which, coming down from the hills, swept me away. Here I 
mingled with the mud at the bottom of the sea, and stayed there for 
millions of years, and became covered over with mighty layers of 
mud and sand, and sank ever deeper and deeper into the earth, and 
at last once more felt the glow of the nether fires. Here in the great 
gleaming furnaces of the deep I remained for many millions of years, 
while miles above me the world changed and developed, mountains 
came and went, new and strange creatures evolved, developed, 
filled all the earth, and died out again. One day, I was hurled forth 
amidst vast thunderings through the throat of a great volcano, and 
formed part of a molten lava stream, which in time became a fertile 
field covered with waving crops and golden grain. Then I entered 
into a grain of corn, and was devoured by a man living thousands of 
years ago, a mere savage you would term him, wdld and fierce. From 
him I passed to earth once more, and since then have been passing 
in a ceaseless round of change through the bodies of living creatures. 
I have flown through the air in a bird, I have swum in the sea in a 
fish, I have roamed over the earth in a beast, I have formed part of 
innumerable plants. But the full tale would only weary you, 
wonderful as it is. One day, a few years ago, I was devoured by an 
ox while forming part of a piece of grass, and soon by the mysterious 
chemical forces of its body I was made to form part of its bone. 
The great beast was slaughtered by men, and his flesh eaten, and 
his bones burnt to a fine white dust in a furnace. Out of this dust, 
I, the tiny phosphorus atom, was distilled in a furnace and found 
my way to a match factory, and am now in this little match-box 
lying in the table before you. Is my journey finished? Oh dear no, 
far from it. I shall go on changing and journeying and dancing, 
age after age, even until the world fades away like a mist, and long 
after all that you see and hear around you has crumbled away and 
vtoished into the awful maw of time. I have been taking part in 
the great dance of atoms which forms the basis of all passing things 
and events, for millions upon millions of years, and shall continue 
to do so for millions and millions of years to come. I may, indeed, 
see this world perish, and may yet dance in worlds as yet unborn. 
My future will be probably even more strange than my past.” 
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IM'TRKKACriO.W KKHMKNl'ATION, AND DI-:rAV. 

Pd'i’RivKAC'riox, (Vrmrnlation, and d(*c’ay an* in n^ality t«Tin . whif'li 
an* (*ss(*ntially dislinct altlaai^li thry lia\(* he*rn ^rrat!} rnni’ii-rd 
and iis(‘(l synnnyinously (*v<*n h\’ pndVsdonal men. As |M»intrd nut 
by K(‘ndalb this conrusion is attributed ]>artly to the ii r nf’ trriin; 
to (l(*si^^uiat(* e(‘rtain {)r(K*ess(‘s which tK'C'ur in nature before ihe-i* 
ehauf((‘S w<‘re studied either biolojL(i(*ally or eheuiieall\. 

Definitions. Fischer e(»nsid(‘r.s the t<*riu feruientutituj, a> it hould 
b(* used in bae1erioh);^y, as tin* bioeheinieaJ def’oni|He4tion rrf nitro- 
^(‘n-fn'e (*oin{H)urids, (*hi<*Ily <'arl)ohydrat(‘s, due to the af'tiori of 
nuerotiri^uuusins, and putn‘fa('ti<ur as the bioeiiciniejd deeoinjaeuliou 
of nilroj^uuious cu-ganie ('onipounds by the action of inicroi'ugani tu-.. 

d'h<* (listinetion whi(ii is n.'^nallydrawn hef\vi‘en d(*ea\ and putre- 
ra(*li<ui as the d<‘eoinposition (d‘ nitn^geuous organic >ub-»tancc'. in 
tin* pr(*S(*nc(* of oxygc*n on tin* one hand, and tlic al»enc(* of oxygen 
(or with a Iiniit<‘d supply) on the otlier is not ulwa\s -harpl\ 
dedined. ''Flu* c'nd pnjduets in Ijotfi <*as(*s mu\ b(* (juite siiiular. 
Nc*iH*ki found that in tin* dei'oniposition of g(*!atin at M) i\ in tlie 
pr(‘senee of air, tlnu’e w<‘r(‘ fonned in four da\s f(»r ever\ IfMt parts 
of tin* origiiail substance this parts of unuinaiia, 2b2 parts of 
volntih* fatty aeid.s, 12.2 parts of glyco(*ol, lb.} I part^i of p(*pt(aie. 
aiid O. Io parts of <*arbon dioxid, tlie other 2S.o.2 parts b(*ifjg unde- 
terniiued. JeaninTt rep(*ated tlnsse exp<*nnH*nts with tin* exciiision 
of air and found as tin* <h‘eoniposition pnnlncts of gu’lafiii, carlHUi 
dioxidnunuionia, a gas smelling lik<‘ carbon bistdphid, ae(*tie. butyric, 
and valcdt* acids, gIy<'oeol, lem‘iu, and u e(d(»idiii base-like -substance. 
He eoneluded from th<*s(* and otIn*r <*xpc*riments that )’ 11 the decfan- 
position of nitrogenous stibstanees and of carb(diydrat(*s tnay be 
at'complished with a<‘cess or <*x<*lusicm of air; (2) in tin* latter east* 
the decomposition is consi(h‘rably less rapid, and eompleft* de(*om|M>- 
sition reciuires a period six timers as long; and (Ml the more simple 
chemical pnalucts forme<l an* in tin* two c*ases idemticah 

Nor is it a sab* criterion to state that putn'fadion is aceianpaniial 
hy the formation of ill-smelling snbstan('C*s, for this is usually a 
(iuarititativ(5 and not a (pialitativc* diflVrenee. Moreov(*r, I lirseliler 
has pointed out that the putrefaetion of protein substafices is imaii- 
fied by tlie presence of <‘arhohydrates, din* addition of xiirious 
carbohydrates, glycerin, and calcium earlionate c*liangf‘d tlie deeom- 
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position of meat so that aromatic products of putrefaction could not 
be detected. From this he drew the conclusion that the decomposi¬ 
tion of protein substances in the presence of cane sugar, starch, 
dextrin, glycerin, or lactic acid may not be accompanied by the 
formation of the characteristic putrefaction products-™indol, phenol, 
and oxyacids. Nevertheless, there is a marked quantitative dif¬ 
ference in the two processes—decay and putrefaction. The former 
is marked by the volatilization of the organic constituents—either 
protein or non-protein—while the non-volatile mineral constituents 
are left behind in a form largely available. Putrefaction is the rapid 
and intense decomposition of nitrogenous (for the most part protein) 
bodies by certain bacteria, usually with the formation of large 
quantities of gaseous, ill-smelling products. There may result as 
intermediate products, basic substances often having highly toxic 
properties. These substances have been named ptomaines by 
Brieger. Many of them contain only carbon, hydrogen, and 
nitrogen, and are ammonia-substitution products. Some of the 
simpler ones are: 


Methylamin 
Dimethylamin 
Trimethylamin 
Putrescin . 
Cadaverin . 


(CH 3 )NH 2 

(CH 3 ) 2 NH 

(CH 3 ) 3 N 

NH 2 (CH 2 ) 4 NH 2 

NH 2 (CH 2 ) 6 NH 2 


They are usually protein-cleavage products^ sometimes resulting 
from the mere removal of carbon dioxid from the carboxyl of the 
amino-acid. > Putrescin may be formed from ornithin thus: 

CH2—CHs—CH2—CH—COOH CH2—CH2--CH2--CH2 

I + C 02 

NH 2 
Putrescin 


CH2—CH2-~C)H2~-CIl2—CH2 

I I 4 “ C (.)2 

NH2 NH2 

Cadaverin 


NH2 NH2 NH2 

Ornithin 

and cadaverin from lysin: 

CH2—CHr~CH2—CH2—CH—COOH 

1 I 

NH2 NH2 

Lysin 


In putrefying mixtures the })tomaines appear on or about the 
fifth or seventh day after putrefaction sets in, and disappear, by 
further cleavage, more or less rapidly, yielding less complex nitrog¬ 
enous substances that are non-toxic. 

Active Agents.—Liebig and the early workers considered these 
changes to be purely chemical processes. The ferment was to them 
an extremely alterable organic substance which decomposed, and 
by decomposing set in motion its own elements. The momentum 
thus engendered is sufficient to tear to pieces the fermenting sub¬ 
stance. This in turn then possesses the power of imparting to other 
compounds this same property, or, in other words, they considered 
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fermentation a true chemical process. This was overthrown by 
Pasteur, who proved fermentation to be due to living microscopic 
organisms, and it came to be generally believed that putrefaction 
w^as due to a certain microorganism— termo. Cohn 
wrote in 1872 that through his own experiments, as well as through 
those of other investigators, he was convinced that Bact termo was 
the ferment of putrefaction in the same way that yeast is the alcoholic 
ferment. He considered that other bacteria may play a secondary 
role, but that Bact termo is the primary cause of putrefaction. How¬ 
ever, bacteriologists soon came to realize that Bact. termo was only 
a general name given to the many species of rod-shaped organisms 
occurring in decaying substances. In 1884 and 1885 Hauser 
isolated three distinct species of bacteria capable of causing putre¬ 
faction—mZgam (5. proteus, B. vulgaris, B. zopfi), Protem 
mirahilis, and Protem zenkeri. The first two are capable of liquefy¬ 
ing gelatin, while the last is not. Many different bacteria are 
encountered in a spontaneously putrefying substance. Among the 
most active which have been studied are, according to Eftront: 
the family of Proteus, B. putrificus coli (Bienstock), P. perfringens 
(Veillon and Zuber), Micrococcm fiavus liquefaciens (Fluegge), 
B. gracilis putidm (Tissier and Martelly), B. bifermentans sporo- 
genes B. diplococcus griseus no7i4iquefaciens (Tissier and Martelly), 
B. coli communis (Escherich), Streptococcm pyogenes (Doleris and 
Pasteur), and Staphylococcus pyogenes albus (Hosenbach). These 
bacteria are very widely distributed, B. protem being especially apt 
to occur in substances undergoing decomposition. Its presence is 
constant in rotten meat, is very frequent in manure, and is met with 
in large numbers even in normal dejecta. The putrefying bacteria 
are usually anaerobic, but there are often very active aerobes. 

H. Martelly made a careful study of the bacterial flora of putrefy¬ 
ing material and found that it changed from period to period. He 
found at first Micrococcm flavm, Staphylococcm albus, B. coli, and 
Diplococcm griseus. Then at the end of three or four days B. 
perfringens, B. sporogenes appeared, at the end of eight to ten days 
he detected the presence of B. putidm, B. putrificm, and Protem 
zenkeri, and after three months there remained only B. putrificm, 
B. putidm, and Diplococcm griseus. 

Products of Putrefaction and Decay.—Due to the trypsin and 
erepsin secreted by the bacteria the proteins are broken into albu- 
moses, peptones, proteoses, and amino-acids, and even in very 
advanced putrefaction nitrogenous substances are always found 
which give the protein reactions. The amidases secreted by 
bacteria give rise to volatile acids, amins, phenol and indol deriva¬ 
tives. Effront summarizes the products formed as follows: (1) 
Ammonia and amins—ethylamin, propylamin, and trimethylamin; 
(2) volatile acids, comprising all the members of the fatty series up 
to caproic acid; (3) a,rpmatic acids and oxyacids, like phenylpro- 
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pirHiic\ nxyplicfi;. larrtir, and t>\\f >|j<ni;.:l[>n •piuni<‘a<-i«i : I idiriinL 
indnl, skatnl, IP rrnl. and it . drri\atii<' . tla- a* h(»dir . unn'fitiM’. 
hciii,!;’ in \nry ;mall«jiiaiiliti<* nr m (‘nni|d«*ff*l;. al? nnt; .» nl|dii}r 
dtaivalivr;. liki* nirtli; IniH-rrapfan; nl \arinu . airdnnandd . It urin, 
t.vrnsin, iryptnphan, and ntin'lintn id^nin. nrrafinifn A 

variniis ptninai'n , Ida’ fann- rin and «’a»ia*vnriit. fli«- , 

rlicjliii, and nnrin. fp I'ldln. !i\di’ni’nllnidiii. t-fn. 

In tlsr nf (if<-ay tlm (‘arhnn and hulnanai i lik^rafs’d a 

(‘arbnn din*/ak nn*t hann, v. atnr, and <»t hia’ \ niatik'prndfi‘*f uifh tii* 
nxsiilt that tla* rarlntn in flm aW Imd ■ t<» fall <»!]' rnlafi^nl;. fn flii- 
liitropai and tlm ralin , i\ln<-h in tin* nriidtial pkuif inaf»'ind 
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soils: 
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siihslaiioov fr» hfimify lor ffia* ;oar U'ifh itir folliax-inp ro- nlf , 
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Iliniiiis is niaiiilx' valuai>lt* bt‘caiiH‘ of ph\ ,-,iral rUVri iipun ihf^ 
soil and l)ocaiiS(‘ of its ('(Hitcait of nitro.i^on, pota-duni, and pho — 
plionis which arc slowly lih(Tat(*<l }>\' hacteaaa. The beneficial ellVet 
of or^'anie nia{t(‘r upon th(‘ bacterial fha*a of the eiil and ,.<hl 
tVrtility, liowe\‘(*r, is rnainl\' (‘\(‘rt.ed b«‘fore if rcaehe tln‘ 'taire of 
humus. 

Chemistry of the Processes, d'h(‘ priinar\ ami M‘e<»mlary pnHluris 
r(‘sultinic from th<‘ d(‘eay of or^mnie matter in tla* soil are cla-s*d as 
humus. dlH‘y an* not, as was once belie\‘cd. a b*\\ eomparati\ely 
simph* orii;a!ii<* compounds but are a heteroynmeou- mixture (>f 
(‘olloidal and erystallim* or^mnie compound > reniliim," from the 
action of bacteria uptui plant n'sidiies. 

ddi(‘ ('hcniieal eomp(»sifion of thu end |>roduefbeiuLr in man\‘ 
<‘as(‘s unknown, tin* elHunistry of tin* f>roecs^ i> to be «*\plained. 
but. w<‘ ha\’c SOUK* very suir{.i:(‘sti\c information <lue to the fact that 
acids and alkalies wlu'u tliey a(‘t upon i*arbobyilratc*, \icl<l brown 
humus-like sub.-^tanecs very similar to, if not identical witli, the 
substane(‘s found in the soil and resuitin^x froiii laieterial aeti\‘ity. 

It is known that tin* aldehyd ixroup td' a, <'arboliydrate caddy 
op(‘ns its doubk^ bomis between carbon and erxyixcn and a<ids water 
to form a. polyhydric* ah’ohol, as follows: 

uH 

It o n 4 H;() U < 

i ■ UH 

H H 


d'his r(*a<'ts with .sodium hydroxid witli the formati<m of the 
following Halt: 

H a it H 

li ..U- XaOH li <’• r/ I Hj) 


UH nil 


Idas salt is unstal)lc and the moleeide forms enols: 
li H II H H U if li tUi lUI If 

I ! ! ! i ; . ; ; ; i 

,H 4’ nv..<v .(V, OKji no w*. <' (’ 4* r <iN« j 2ll::n 

I I I I ; i ' ; 

Oil (Hi Oil OH no HO H H Oil 

'Idiese break apart at the douhltJ bontls: 


H H 

I j 

Oii 

II 


OH H 

! I 

I f 

HO 

j 

i 

J ari C - 

(' 


I i 

.-1 r--4''-44. 

I 

H 

H H 

OH H 


on 

OH 

OH OH 


i i f I : 

C:.(; (!■-<: - <*■(' OX;i. 

I I : 
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By this process pieces having various numbers of carbon atoms 
are formed, all of Avhich are very reactive in their nascent state due to 
the free open bonds on the carbon atom. These react with each 
other and give rise to long chain compounds, the more complex of 
which have a brown color and other physical and chemical charac¬ 
teristics of soil humus. 

Soil humus also contains nitrogen which would come through the 
action of bacteria upon proteins. The products resulting through 
such action are numerous and varied, but the work of Schreiner and 
his associates has shown them to be the following: 


Arginin (C6H14O2N4) 

Adenin (CeHsNs) 

Agroceric acid (C 2 iH 4203 ) 

Acrylic acid (C3H4O2) 

Agrosteral (C22H22OH2O) 

Cytosin (C4H6ON3H2O) 

Cholin (CsHisOoN) 

Creatinin (C4H7ON3) 

Creatin (C4H9O2N3) 
Dihydroxystearic acid (C18H36O4) 
Hentriacontan (C8iHo4) 

Histidin (CeH 902 N 3 ) 

Hypoxanthin (C6H4ON4) 

Lignoceric acid (C24H48O2) 
Monohydroxy stearic acid (CisHaoOs) 
Mannite (CeHuOe) 


Nucleic acid (constituents unknown) 
Oxalic acid ((^ 211204 ) 

Picolin carboxylic acid (C7H7O2N) 
Paraffinic acid (C24H48O2) 
Phytosterol (C26H44O.H2O) 

Pentosan (C6H8O4) 

Quanin (CPIsNs) 

Rhamose (CgHuOio) 

Succinic acid (C4H6O4) 

Saccharic acid (CeHsOio) 

Salicylic aldehyd (C6H4CHOOH) 
Trimethylamin (C3H0N) 
Trithiobenzaldehyd iC,mCSIl )3 
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CUAVTVAl XX. 


AMMONlKK'.VriON. 


In th(^ I){•(•(•(‘(ling it was sliown that (Hit‘ (»f tin* final pHni- 

u(‘ts n‘sultiiig from putn*fa('lion» fcniuaitation. and di‘(*ay is 
anunonia. dlu* prodiudion of ammonia through tin* inf(*rv(‘nfion of 
mica’otirganisms is know n as amnamifioation. 1 la* sp(*f*d with which 
this ammonia is formed within a soil vari(‘S with tin* pliysieal and 
chemical (‘ompositi(»n ot tlH‘ soil tog(*th(*r with 11 h‘ nuinhcr and 
])hysiological (‘llici(‘ncy ol th«‘ various organisms taking part in th(‘ 
])n)cess. 

Although it has been known lor som(‘ tiiia* that Muall (juantiti(‘S 
of ammonia oc’cur in all arabk* S(»i!, its tormation was not kneovn 
to h<‘ due* {it a hi(dogi('al proc(*ss until ISh.'l wlam Muntz and < oudon 
demonstrat(‘d that ammcjnia is no hmger Fornnal in seals sterilized 
l)y laait. They, t(^gctlH‘r wit!i Kaysor, isolattal from soil two sp(‘ci(‘H 
oi’ Ihu'tia'imm one of P>acil!us, two of Micnn'occats, and two of molds 

all of whif'h prodnc(*(l ammoiiia in vciil laanllon, and fill hut one 
(a micrococcusi ga\'(* tluj Sana* r<*sults in scah From theH(‘ results 
th(*y eouelud(‘d tliat the formathm (^f ammonia in the soil in the 
result ( 5 X('lusivel\' (d tlie conjoint activity (tf nmma’ous 1 (jw(t organ¬ 
isms of very wichdy diffenmt ehara(‘t(‘rH. 

his conclusion was conliniied tin* sann* ytitr hy IVIarchal wlio 
is(dat(jd fnun the? s<ul th(‘ speems of microtirganisms t molds, yeast, 
a,ml haet(‘ria ) whi(‘h wer<‘ the most pn^valent, and (h*ti‘rmimM whieh 
of thes(5 liad tlje power of traiisforming niirogtmous mateaaal into 
anunonia. Of s])(‘cies tested, 17 displayed a stnmg armmmify- 
ing i>ow(u\ Most of th<* other.s displaytal a smaller hut none tin* 
less distinct ammonifying power. Molds and yeast were also foiiiid 
to pnidtiee ammonia. On inoeulation intc^ a solution (‘oniaining 
IMitf) gms, of organic matter pc‘r lit(‘r the various organisnis Wi^nt 
found to transform the following propfirtioii of nitrogen into am¬ 
monia in twenty days: 


B. itjycoidcH .... 

N 1 ...... . 

ProtciUH vulgariB . 

B, mesijutorius vulgaUiB . 
Barciifia luicia . . . . 

B. janiliinus .... 

B. BuhtiliH. 


m 

29 

27 

22 

If) 


The IL niyarides was selected hy him for special investigation. 
This organism is found very widely distril)uted in nature. It is 
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al\va\r' in flu' urPn-*” nt ru!fi^.if«ti lal, i 

1> in fii.'uinrr. ■. i , arnl hi iIh' liiiiiiii 

of fnn-fIt nr'cni* ;if ffiiH- in Mir ami nafiiral airr , lirfiMiial 
that w hnii iiinr!iiaff<l infM m la-nfra! nirpiMn < if' all Minn ri fin' ffir.lniin 
MHtJi firruiia* trnij-;! Mlhalim’ dm* t<» t hr j!ij;if a ai m| Minim* 

Ilium rarhnnafr; imiilfMurnii 1;., thri’f'ua a rinTt jHUalinr'«irff«-a r 
(if alhuinin. dla* ;uial;^ i <>1 ihr utimi |^hr^r in \ihah iIm' riiliiirr 
was noufinrd ,hr\u-(l a. dri i’i-a i- nf <r.;rMi a ifh a rrir* 

S|>nJ!<lill,U inrrra r Ilf rarh«m illr' aj, \* r!r 

iinf ainniiir tli<' isi «-iai prndm’l . d'la- r|' « mi h‘ai 

and aiiiiiauiia fnruird in t}i»' vr piratiMn «4 fin rr’-Mni rn rr m miI; 
ill tlm propfiFiinn in Im'li f hr; arr Irnm-*I Ui ?h* r•^un|»lrfr » . uid m ■■ 

tinn of alhuniiii. In midifim in thr r fv.M uh fanrr , fiaTr* v. f la- 
fniind ill ftu* nlufi«*n mail ♦|UMiftiiir of |*r|Uon* , h unn, fi; o in. 
aial fnimiis hut/H’ir and f*ia»|»iiiiiir a»-id . Marrijai rtm idrr* d that 
in tlm liiV prurr -.r of //. ..--i ar.M.i/r afim* phrrir o*-.; -m-m i in.'idr !»» 
nninhiur uilh llm mn fifiiriif of alhunum h rarlion hrm.;; fra.ii 
fnniH*d iritfM'arhofi dio^id, if ulpliur uus» ■ nlplninr ;o id, a porfion 
ni thr hvdrnarii info wuh'V, flir Minfaonia a.pprM,nn.M a a. r< ahud 
produrf. lira liUird I hr' lollo^mn;,-' r»|!iafio!i: 

r;.||;. \,,,o r „ a - >a|i . I . M ^ m 

dim Ih’J rfUidifirm for I hr-f imu;, of ila-o|-r,,iji<.nj ,nr J \ 

tani|inraliin* of ahoiif :;ti i p lliorou,:-*h a#-rafion, ;; a. Jialith. 

alki'diim umiiiiiiin a.iid I a diliitr -olufioii rd' pr<Ufin If a, a a! o 
found that fiji' orpaiU'Jii raji unnnonil;. not ofd;. allfunnn hip al o 
casnin. fihriin Inpiiinin. idiiiiu, m;,.oan. riu4 prpfoia- , miaHiu 
huniin iyrn'-hu and a: pannnn. !»uf ■, una.hlr fo suih/r mir.i. ma a 
nifrato, or aunnofiuifn alt-. In fhr iiia,iii tla- r }«■■ ni? . Inrr h* ♦ n 
ampiv noulinm'd hj- a ninnhrr of lfi^ *■ .ti-atoj .. 

( . M. IJpiiiafi and liurpr la-rar’oan ha-.r drloorofrafrd fha.f // 
mjiralfir.H i. ||%- no Im-air alwa;. . flir nio f rlfa a-ni ainua.iat: ina 
haalnriiirin for I'mui ihi'- orpa.ld'in sanr:; piraf!;. m if. aftiml-, ^ 
dqMmdiMp ti|ion fha rlimniral and |4i;oi* a| r.aaijfioo, of th* aif,. 
slrata. 4 hry luakr fha lollowjiip rrifiral ■■.fatmu'jn , lomr-riaiia 
M^anliar;-^^ fjiidiiip'o lard, flm n--uh ^ of oluiion *ulturr': ar*' n*.. 

nritii'iofi a.‘< to till* fo h*- ohiainrd in '.siil--. mrondi’-. timf 

nn two foima ornaiiif' nifroprn ao^ affa> krd and aiomofufird '.mfh 
tim saiiif vipor hy an;, om* *mpaniMii. dliird!;,, flap diHrmit ■ oj! . 
will iiiodi.fy an orpani-m ' pourr to aumnonif;. air- oia- yi-.ru |i,rnt 
rdiiifropmi vnm iiiarla-dlp , -a, that if ma;. la- rffajriP m *aa- ra-,r and 
fnahlimii aiiotfirr. Fourihlp, ihaf fhr ainmoml'Miip rfhrM-.i.a • of 
nrpani .Ilia i prrafrr in \aiidy oah and pfo.ahl;/ i.fi ofhrr.. fh.a .?4 n. 
solritiofn-;, fur vo' hasr- oluainrd a f ran ■. format ion of |p.*o- nr?- »»aa 
nf pnptofit^ iiifroprii and pf-rriaii, fit haf uMano nPo aiiuno-iaa. 












AMMOSlFKUTli^S 

by Sfcrrimi hifr.a and B. niifcuildrs, n*s{)(‘(*ti\*(‘ly, in days ai: 

teni])(Ta,tnr(^s b(‘f\V(‘(‘n 27^^ ( \ arid 20'' whiln Man'lial only 
ol)tain(*d similar traiisFormation in tliirfy days at .‘UP i \ in albumin 
solutions.’' 

Species and Distribution. As was point<’tl nut ()y Mandiab the 
a.mmonifyinjL( orpinisins ant v(‘ry wid(*ly distributn<l in natun*. 
'rh(‘ |>ow{‘r to split (dT ammonia from protiin is a oliaractnristir of 
tint majority of soil ba(‘t(Tia. fJa^n not(*d tin* production of 
ammonia, in thirtcam out of twamty (‘ult u n^s of scwaiJ^c l)actcna tcst(‘d 



Fi(}. 27, AmirH»nifyiniK hu<’t*‘rja. I. liucUrium murnidt'H, / (Nu<In<niJ 

2. Ikidtiriiw) 7)iyadtdvH\ involution fontis; X (N'lnlwuiiu 3. iSurtirinm 

titmmcrm. (Myf-*r.) 4. Prainin tuff/ariu; X 3,030. fN‘nd«onj 5. Praiimu vul- 

f/am; involution foriTiH: X 3,000. {NfulHon.) (Lipnian'K 'Miartoria in Kolation to 
(\juntry t.ifi*.”; 


by him. He* further found that tlic g<*Iatin Ii<|U(‘fiers have; jui 
ammonifying: ]>ow(‘r nearly twice tts great as the mm-liqueficTS. 
ClK‘ster found all })ut one of the (ngauisms testcal by Iiirri C'apable 
of producing ammonia. (\ B. Lipnum t(‘st(*d tin* following fiftf‘en 
organisms in soils: B, inesentmm.H %nd(jatim, pu&la, B. vnhjatm, 
B, megaiherimn, B. mycoideH, B. nnhtilh, /?. tumeseem, Hamrm 
lutea, B. j)rotev„s rndgaris, Ji. ideroides, B, raniosim, HtrrptathrLr, 
sj)., Ps, jltioreHcens, B, vnlgaris (navy strain), and Mic. tetmgenm as 
to tlieir ammonifying ])Ower,s of dri^d blood, tankage, (‘otton-s(H‘d 
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fluorescens, and many others are slow liquefiers^ This indicatr *’ 
that the class of organisms must play a very important role in th<' 
degradation of the nitrogenous material of the soil. 

It is quite likely that the organisms are even more efHcient in tli<* 
soil in the mixed cultures than they are in the pure cultures. Fo^* 
the transforming of protein nitrogen to ammonia is a comple.'^ 
process which must proceed by steps and some organisms must b<* 
more efficient than are others in specific phases of the reaction* 
But so far we have little definite information on this subject. 

Methods.—Two methods are in general use for the determination 
of the ammonifying powers of the soil. The one in which a definitt* 
portion of soil is inoculated into a liquid media and after a given 
time the ammonia determined; in the other the nitrogenous sub¬ 
stance is incorporated into the soil and after a definite period the 
ammonia determined. The latter method would appear to approacl i 
more nearly field conditions, but both methods have their advocates* 
It is not my purpose to go into the claims made for each, but suffice 
it to state that Lohnis, who has made a careful study of each, finds 
the more important factors in both to be: (1) Nature and quantity’ 
of material used as substrata; (2) concentration and distribution of 
the substrata in the medium; (3) aeration; (4) diffusion, absorption» 
destruction or evaporation of metabolic products; (5) reaction of the 
medium; (6) temperature; and (7) duration of the experiment. 

As was pointed out by Pagnoul in 1895, the formation of ammonia 
in the soil is only a transition state of organic nitrogen in passing 
to the nitrates. So that with either the solution or soil method, 
what we measure is the accumulation of ammonia in the media and 
not the actual quantity formed. Various factors may enter and slow 
down the quantity of ammonia formed. This would be indicated 
by a smaller quantity of ammonia in the soil, or the speed with which 
the ammonia is transformed into nitrates may decrease, and hence thc^ 
ammonia accumulates while the actual quantity found is the same. 
Moreover, it is well known that many microorganisms possess the 
power of transforming ammonia into protein nitrogen, and this 
factor may either increase or decrease with a corresponding change 
in the ammonia of the soil. Where large quantities of ammonia are 
being formed, part of it may be lost from the medium by volatiliza¬ 
tion. The extent of this loss varies with the soil. Lemmermann 
and Fresenius found the addition of calcium carbonate to a soil to 
the extent of 1 per cent, reduced the volatilization of ammonium 
carbonate and increased the absorptive power of the soil for ammonia. 
Calcium sulphate and chlorid and magnesium chlorid have a similar 
effect. Caustic lime has the opposite effect. The zeolites are very 
effective in reducing the loss of ammonia from soil, and according to 
Pfeiffer and coworkers the nitrogen so fixed is so firmly held that it 
does not become available to plants during the first season. 
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Material Ammonified.—The speed with which ammonia is formed 
within a soil varies greatly, depending upon the nature of the 
material to be ammonified. Lipman and his associates found the 
following proportions of nitrogen were transformed into ammonia 
in six days: 


Concentrated tankage. 56.66 per cent. 

Ground fish. 47.16 “ 

Cow manure, solid and liquid excreta. 32.60 “ 

Dried blood. 16.74 “ 

Bone meal. 16.65 “ 

Cow manure, solid excreta. 5.39 “ 

Cotton-seed meal. 4.95 


However, this order is not always maintained, for C. B. Lipman 
has found it to vary with the soil and with the bacterial flora. 
Lipman and Brown consider the carbon-nitrogen ratio important in 
determining the rate of ammonification of nitrogenous materials, 
and then the modification of this ratio by soluble carbohydrates or 
by other soluble compounds may lead to changes in the numbers 
and species of the microorganisms in the soil or culture solutions 
and a consequent depressed or intensified ammonification, depend¬ 
ing on the character of the nitrogenous fertilizer. 

The addition of dextrose, sucrose, lactose, maltose, and mannite, 
according to Lipman and Brown, decrease the accumulation of 
ammonia in the soil. Kelley found that by adding 1.586 gms. of 
starch to 1.072 gms. of casein the quantity of ammonia in the soil 
at the end of nine days was decreased 50 per cent. 

In the presence of the carbohydrates the decrease may be either 
real or apparent. The true decrease may be due to the carbohydrate 
which causes the organism to use only sufficient protein to meet its 
nitrogen metabolism when only a small quantity of ammonia would 
accumulate. 

The apparent decrease is probably due to an acceleration of the 
speed, with which ammonia is transformed into protein nitrogen. 
Inert organic substances in general, such as starch, cellulose, and 
peat, usually decrease the speed of ammonification. This is due, 
according to Rahn, to the substance making some of the soil moisture 
unavailable to the bacteria, for he found that when the moisture is 
sufficiently great cellulose acts as a stimulant to ammonification, 
probably by holding the sand particles farther apart and thus in¬ 
creasing aeration. Dzierzbicki has found that small amounts of 
some humic acid salts increase ammonification. 

The addition of manure to a soil greatly increases the ammonia 
produced in a soil. This is illustrated by the following results 
obtained by Greaves and Carter. In the first column is given the 
per cent, of ammonia found, the untreated soil being taken as 100 
per cent. The various quantities of manure were applied to the 
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lliat the aiiiiiioiiia |H’fMhieti(»it in a t»il U atIVete.i j if inerhani ■ 
eal and (’lainieal e<nn{H>siti(nt, 2^ \t\ fVrtili/rr freatiiienf, and 0 
l>y riiethnds nf tillap* and ernppina'. fie fiirther fair ihat the 
lueelianieal ecjinfHKation (ff fhe -tfil (hnerniine iht* nf 

aerohie aiiel anara-rJae iirKafif.^ru in a nil. If the latter |H'edHininafe, 
tfie prndiK'finn uf animniiia ei»niparafi\fly rafad. ei h‘i « her 
repnris a iiinre irOen-e anniaaiiiieaficaj nf driet! hined in flian 

in heavy :-..nil., hut^ under lhi>^ eaa* it i-. |)nHiihle fhaf the i«|’ 

nifrnpai from the Nnil ua- ■■•uliieieni In aeeuiinf tnr fh«' 
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Kansa.a irierea.sed the atninniiith int: hnwer,-^ ahnui Mnf'-!liin.h ! »ti! 
rennn'al In Maryland had little efl'ei'f. Whereas Kauai- 4»ii re- 
nin\‘ed tn t'alifnrnia Inaes greatly in if- jtiiiiiinnith ing iinttein \e! 
K«an;ai.s ,:-.nil t ranHpnrted tn Maryland aiflVr- liftle ehaiige. We inn-4, 
t.herefnn% enfjelude that elimale e\erl% a gfi'al ilillnenee Ifii the 
aininnnifying fHaveiv. nf the nnil. 
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strong aeration decreased—at least in many cases—the quantity of 
ammonia split off from peptone solutions which had been inoculated 
with soil Plimmer, working with a Dunkirk clay loam, failed to 
find any optimum oxygen content for the maximum production of 
ammonia. Under purely anaerobic conditions, caused by an 
atmosphere of pure carbon dioxid, there was somewhat less ammonia 
produced than when oxygen was present at the beginning, but even 
under these conditions ammonia was formed in rather large pro¬ 
portions. This would probably vary with the specific bacterial 
flora of the soil, for the work of Marchal demonstrated that the 
formation of ammonia is favored by the unhindered access of oxygen, 
and in the process considerable quantities of oxygen are used up and 
a nearly corresponding quantity of carbon dioxid produced. There 
is the possibility of the carbon dioxid resulting from side reactions, 
the oxidation of the carbon chain compounds which have been 
deaminized, and not due to the main process of ammonification. 
For theoretically, at least, ammonification can be considered as a 
true hydrolytic reaction. The microorganism, however, gets its 
energy from the oxidation of the carbon, and where conditions are 
favorable ammonia production follows very closely the evolution 
of carbon dioxid. But Gainey found unfavorable conditions to 
have a more detrimental effect upon the formation of ammonia than 
upon the production of carbon dioxid. 

Lime and Magnesia. —These exert a marked effect on ammoni¬ 
fication, and Vorhees, Lipman, and Brown found magnesium lime 
usually superior to non-magnesium lime in this respect. Its effect 
varied, depending upon the character of the organic matter to be 
ammonified and the crop grown upon the soil. Lipman, Brown, 
and Owen found lime carbonate in which the large per cent, of 
boron proved to be the factor which hindered decay bacteria. 

The increased ammonia resulting from the use of the magnesium 
lime may be due to an apparent and not to a real increase in ammoni¬ 
fication. For Fischer has noted that calcium carbonate increased 
the speed with which ammonia sulphate is transformed into protein 
to a greater extent than did magnesium carbonate. Moreover, 
Lipman and Green found that magnesium carbonate interferes with 
the speed with which nitrite is converted into nitrate which would 
slow down the action of the nitrosomonas. In either case this 
would increase the accumulation of ammonia in the soil, which may 
be interpreted as increased ammonification. 

Phosphorus,— In experiments on ammonia cleavage by Dzierzbicki 
in peptone solutions, it was found that the intensity of such cleavage 
depends not only on the bacterial flora of the soil but more so on its 
chemical composition and especially on the presence of phosphoric 
acid. Monocalcium and dicalcium phosphate are equally effective. 
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to Lipunan. in ^tiniulatini': ai'tivltio ut fiio <!<‘fay 

hartnria. ^rhnnia-. .lai^ incrca.^**- tho pniduotiou ol ajiifniaiia In 
a <*onsi<l<*ral)l(‘ Wlinn* afi‘1 plm applinil f«» a nil 

tin* irH*n‘as(‘(l anuaonili(*a(i(»n rc.-nltiniA anmnlinir to Mrlaaifi aial 
Wilson, is dun to fiint^i ratlnM* than to bantrria, huf flu* untiid 
probably \'ary with tin* inai(nr;iuin and «*alfiuin nartnuiatn nniiinnt 
of tin* soil. 

Chemistry of the Process. Ibutunr and hi* aH.nfialr , |ja\r In^wn 
lliat bantrria am nnabh^ to atlank or l)rin^ aliout tbn dnrnnjp»» ifion 
of ])roti*ins uillioiif. tlm aid of nn/.unn . or ofh«*r fimtroluic aiauif % 
vvhnmas Itano usin^ ^!i‘* formal tifrafitui innfhod of S«iron on ha- 
slicHvn tliat />*. .sa//7a7/a produr'ns a i*:raduai iiirma rof forin;d™'tifratiitir 
nit.ro^iui fora. p(*riod of two huudmtl ;ind lorty hour. , dlayirrrafr i 
prot(*ol\sis took piano tt^vard flm ciptiminn Ipolro^nndon ronoonfra- 
lion. I ha thnrnf(a‘(\ ain'^n fiai f hat thnnn/>inn i proi^abl;. 117 ptio- 
liknin naturn, and nndooi’llnlar. Momo\ai\ a-wa nnn in fbn lU'nrfd- 
inijcnhaptnr,a numbnrofamiiio-aniddta\nbf*nn i olatnd from fbn oik 
Ibuinn if is most natural to a oumn that fbn di infnnu’alion of pro» 
t<iiis in tbn soil is primarily protnin bydroly dn (‘ataJy zm! by nndo- 
or <‘X<nnn 7 A'mn;, ,nnrntn(l by tlm d<*nay bantnria.. din* nu/ymn- 
p(‘p.sin, tryp an, nrnp in, and pri>bably oibnr protorla ti<‘ nn/ymn . 
an‘ napabh* of hydroly/.in^ protidm. wifb tim formation <>f omn 
ni^htntui amiiMKinid'. llin tnimbnr and qnantiiy of nanli dn|H‘ndH 
upon tlin |HM'ifin protnin hydroly/ntl. Innomplntn bydroly-t' 
r(‘snlis in ibn prodiintimi of a nuinbnr of infnrnindiatn iib fanf’ns 
variously' cln:d| 4 na.t<*d iit tbn «»rdnr of dnorna-luK romplo\iiy 
protnosns, |H»ptonns, and ptdypnptitls. 

I'ayl^^t* su^^f^nsts liin snbnmn i^ivnn c»n pa^n 2Uo as iiidinafitii' lltn 
stagfs in tfa» liydroly siH of thn {in»tnitt inolnnulr. 

llinrn urn masons fm* bnlinving that in tbn pronn-^.-i of uminonifina- 
tion the hydrolysis is similar to this, for Marnhal showi*d that thn 
ainni,onific‘rs am I’apabln of hyilroly/.ini: prot.nins, j>rofnoHns, iind 
iMiptomss. Mornovnr, matiy of tin* protnin hydrolytin' [irodunfs am 
fcHind in the soil, and Miyalut has shown from a inathnniatinjil 
analy.siH tlnit thn pronnss of ammonifinafioii is an atiionafalyiin 
nlauiiina! rnantimi in whinlt thf* innrnnsn of aminonia in fbn p-ronn'vH 
in in ac*nordanra* with thn lormuhi: 
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A X 

Where a* m the aiootint of nininonia wliinh has been jirodiired at 
time ff), a in the t<*lal anitmnt of amnamin jirodiasal diiring the 
I>roeeH8, K is a eormtimt, ami U In thv tinn* at wliieh !ta!f of f lie total 
ainoiint of iimiiionia in protlmaab 
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(fiianlity and (jnality of tla* ]n*t»du<*ts fornifd wniild d<‘|H‘iid 
upon t.lH‘ sfx'cific ni/.ynic nr rir/.uii<‘,-. -ncrctrd hy (Ih- ritirrur>ri.:an- 
is!MS. Wlinn* pnpsin is lli<‘ inaiit iVrrnnnf larp* quanf if in «jf pnaru t*. 
and would hn lornird. while if (rypdn i. fhe aefiu* aiaaif 

1h(‘ airiino-aeids would also oeeiir, and uifli erep in fhe afiiino-afid 
would I)(‘ Formed (*\en more rapidiv. If i- nof unrea onahle tn 
sup])os(‘ fhaf in a .soil ha\’im; a hi.fj:h ammonif;. inir efheieiie\ I lie 
amnionifyini!;' flora are nof. onl\ mnnerou •< Imf fhe;, ar«’ aeiiie 
seen‘f(‘rs of prefer>elasfie fmanenf . .Moreover, thi di infeifrafion 
of th(‘ prof(‘in moleeuh* whieh e\4'ntuali\ ernnerf near!; fhe uliule 
of th(‘ oricaiiie nifroa:<*n info ammonia re ulf from fh<* emiihined 
action of niunen»iis mir‘ror>ru:ani-in - of dilfereni peeir . 1lie 
produefs elaborated by one ela ■ fu’obabl;. er\e a lh<’ ftoiiif «*f 
af.faek for another. 

INsfler and Snyder fouml fln're ua no tendeney f<»r tlie amino- 
mads fo aeeiimulate in t he -oil. but lhe% fliietuatf’d wit It the ammonia,, 
thus imlientinir a eonneefimt befueen fhe twn. Jodidi adderl 
\arions amino-aeid-. and acid nmitb. ineludin^ td^eoei*!. !eii<*im 
plienv lalanin, a-para^in, a parfie- aei<l, ‘ylufanie aeiii. l u'o du. 
alanin, <’adavei‘im aeetimid and prt»pimiamfd to flie oil. and after 
from two f(j fmi <lay.» dr’t«*rmined flie ammonia. allhoim!h tb»' 
transformation was not (jnaiititafi\m probalrly due to other reae- 
tions oeeurrinir : imultaneons!\. ^ et it wa: evident i!ia,t flie 
amino-aeidr. and arid amid . examined naniilv undertro in the ' oil 
tin* jU'oees', of aninn»nirn*ation. and. all other lliini^- beii?^ f'pual, flie 
rate of transformation is pu'eafiy inf!m*neetl by tin* ehemieal irtni- 
ure that amino-aeifl- and aeid amid- of equal slruefiiri' vield 
about tin* same proportion <tf ammonia. 

hdlrmit in Ihtio demons!rated fliat there are produeei! b\ oil 
baeteria aniidase;:-. 'IIh' proees- of deaiiiiiiation wa--. at iir-f. 
thou|.^ht to be oin* ctf -iiiqile hv<!r<»h d-, a - fol!f»w-: 
n ril XU,, e'ooH j HoH U oHmU miofl i MP: 

lint Neubauerand Fromberz<’ouc'ludt*d ilia! tin* p’riman- pathway 
of deaminatimi uithin the animal or«^uini'un wu'^ oxidalive and not 
hyd roly tie: 
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din* ainiinKU'ifls eontaining .suljdmr would probabI\- in tlie 
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And this would be deaminized: 

CH 2 SO 3 H CH 2 SO 3 H CH 2 SO 3 H 

I H I OH I 

20/ -j- Oo = C/ = 20 = O + 2 NH 3 

|\nH2 |\nh2 I 

OOOH OOOH COOH 

In any case the resulting ammonia would be fixed within the soil 
by the zeolites, acid radicals, or lost through volatilization. That 
which is retained in the soil is later taken up by plants or trans¬ 
formed by bacteria into protein or nitrate nitrogen. 

For each molecule of ammonia formed there would result a corre¬ 
sponding molecule of volatile acid, or oxy-acid, or else of alcohol 
which may serve as a source of carbon for other microorganisms, 
possible for the azofiers. 
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CIIA VTEli XXI. 


svvnwuwnos, 

^riK’. Irrrn ion rrlcrs fo tin* <>\{<lati«»n of annisoniM 

{»r iiitrifns fo nifrairs. If i- off<*n in a hruad^T aai o to ini|4; 
tin* priniiirfion of nilrafo- fn»m ilf*r(»ni|>i» inu «>rLja!ii«’ niatfrial. 
TIk* prornss of fillrifiration wainatic n o of in f!n* inanuia* fnn* o| 
salf[t<‘for fo ;npply the larp* cjuanfifii*' of ;.nnipoudor oon iinioi! 
in tho almost iitoovnuit war> <>f Kurop<‘. In tlio oiuiiioon rrninn 
flH‘ arfilioial prodiirtion of saltpotor in hial of ilrr'ayini! ormuiir 
nialfor rra<*li<‘<l a hiy^li <loLjroo of porfrc‘fi<nn 1\ pr’i’ial!\ wa flii^ 
fnn* in Swocltai. Svvit/orlaiaK and I“Vanor, u hon* niiro \\a fatllorinl 
as a pari of oaoh farnior's fax. In thn^oar 1777 fin' l’‘rrnol{A oivorio 
rnonl iv-nod sporial iiiAniofion . for niaiinfaofnrr <»f altpofor. In 
those there ua- pdvcn ; pet-ial attention to tho form of pit to he 
Used, the <'o\oriii^ of the or^anlo ntatfer, the arraninimiif for tla- 
free enlr\ of air, the neer-^-sify of a niiiieral ha'->e. and the erpliinniti 
auiount of nioisfnre wlhn*!} was he 4 aipplied Irotu tin* flrainaiie of 
sfuhl«*;». 

Early Theories. I%v(‘n f!}oii|.!h the pn^’o- ha*! reaoljod su*'!i a 
lii|j:li state of de\-(*lopinent, the underlyiti^ priiiei|.»h*- were eniiroly 
unknown until the last third e4 the niiieteentfi oentiiiy. At fiii- 
time attetupis were made to «‘\platn tlie oxtofatimi of amnioiiia to 
nit fie aeid, on tlie stren^lh of eertaiii ehemiea! reaolion-'^ wliieli 
eoulcl he hnMl|^ht a.hont ili the la!a*rafory. lli«*-e were- tlie espiai' 
ments of Kiihiniaim and 1 hima.-o d'he fir.'Si inve A ignitor foniii!, 
un pa^siiiu anum»nia afi<i air through a. Iieated ftilie ooiiiainiir*: 
a platinum sponge, that they eiiiuhiiied with the of 

amnmuium nitrate, while IhnuuH haind that iiifrii' aeii! wa- pro- 
dm'ed when air and ammonia weix* heated to HHf i \ with inoha^ 
ened lime. It was eonsiderf^d po-nsihle that llir* pe>r«»'>.ify of ihe 
s(7il eonld ael as tlicl the platinum sponge or the lime of the oiiJ 
iU't in a manner similar to that used in I hiinas'experiiiiriif v, After 
tin* dtse<jv<'ry of ozone h\' Sela'inhein this stihslaiiee \uis iio*ci fo 
explain all natural proc'ess«*s ot f»x!datioin and lienee lie* 

<n.se 'with :nilrifi<‘fition. Mtihler stateii flntf iin-iofigafions had 
Hlmwm tliiit ozone is eupaide of fJxiflizJng amiiiofiia Ifi iiitrie ;ieid, 
and Wfitfi'% ami that it is probable that tlie sfune rejietimi. emihi 
take plac*e in the stab the soil aefiiig merely as a cxatiilyzer in the 
reaetinm 


rHK iL\lV\ i>F TliF ItlOLOdKWl. Til Fain' 


It nin; 1 h* rrn that in all (li(‘ (*arly tlicdrir:. it u;r. . iifjpn .ial 
piirrl;, |>rdt’c -it was not until t ho t inio of Pa itonr 

that t lio hif'h >Li:iral (‘xplan.'it ion for tho iorrnati(»n ot nitrato : roooi\o<l 
an\ uptHU-f. 

if i iiitoro fiioj, lM>\U‘\or, to not(‘ tho oarofn! uork of Pmjiis- 
iiiiranlt in tho * oar hotuoon lSi»t) an<l 1S7S, on (ho natural oo<air- 
rini: altpoior Ihm 1 , o {»ooiall\ tho.c of Piuai and Poiia<lor. Ilo 
rai otl iho quo {iofi! “1 lax o not tho nit rat os in t h<*:io nat iiral (i(‘|iosit:f 
H’ nh‘'‘l tV«*ni llio hroakinii: <l<»uij of or;^;ini<' laihstanotxs rioli in 
nitrojon? lor it had loiu.': h(M*n tho praotioo to usf* bl<HHl, nrino, 
and olio*!' antnia! rofiro tor tho [irodiiotion of nitratf*;. h'or this 
I’oa «ni, poll iiojatill did not think it likoly that tho ^as<*ons nitro- 
urn of fho air [i!a;. of| a \ oin nu’oat part in tin* pna-os,; of nitrifioa- 
tioii. In of'dor fo f thi-, ho j^laooil ioil with known nilro^pni 

oofiion! Ill piM lifor jar. and allowo(i tlioin to roinain For oloxani 
;i*ar . At tho olid of thi. tiino thoy wen* analy/aal, and. in spito 
of tho laot fhal a x on aotixo nitrilioation had takon |il:H‘<‘, t horo 
\x a no ifaioa, o in tho total nitro^uon <»f tin* soil, hd'oin thi i ho 
ojijioindod that fro«' iiitrouon tako^^. no part in tin* forinatitni of 
nilratf' . Put that thox n* ult from tho ortxanio rnatfor of (In* .oil. 
In aiiofhor oi o! oxprriniont . ho addod oruanio nn'inuro to :.oik 
afal. and ohall. and h ft fhom to nitrify. ll<‘ oPtainod an aotixo 
nitrilfoafion in tpr oil. fait norn* in tin* sand or ohalk. This Fao( 
ha*! a uroat iidlnonf r on tin* ohl tho«irioi of nitrifioation. W'hv thi'^ 
dilP roiiro it tfio oi! art iinToix a a oataly/.or? It max In* .aiil 
that flii xxa f!io fjouinninkt of tho ond of tho old o!n*niioal thoorio:; 
of nilnlif'alion. 

Tint Dawn of tho Biological Theory. At thi-. tinn* i PSTSI tin* 
Work tfi Pa ftiir xxa Pondmiiiu.^ to tako firm root. TIhto had 
ap|Hsirod a. a rn- »»f ropori . on toriiiontafitm, oih* oi tin* oarho J 
hf‘iin: on fho formoniation of aootio acid, d'his was similar 
to nil ritir,'|iiMit. for if vxio. known that ah'ohol ooiild Po oxidizocl 
In ;oof 3 o ami P;, u ,o «»f fin* platinuu} -fHini^ns In faf't in this oarly 
p)i:Pli»'aPttii l*a Pair n^m^oaod that nitrilioation was din* to a, lor- 
fiff-ni, ;md' onn aftor Alnilor olixorx'od tluit thojimnionia in sowonip* 
i". rapifll;. <'!iani5od info nifratos. Imt no rorro.'-^ponding; ohango takas 
pk'O'O' ill piiri’ afiiiinmiii -^f^ufion. Ho sU|^|^o:‘4od that tin* soxx'ain* 
proIf.iP-ix rimfamorl a iVrinoiif xvhioti was aiisont frotn fho fniro 
-o|ii!i*»ii |♦roparol| in tin* lahoriilory, 1 fo, howox’or, took no stops 
fo proxo that tin* proooHs was a tnn* formontatimi. P»otwi'on 
I h7| 7:, i hilhi’f! Ilf it I'd thai fln*drainii$'o waiors From tin* Hotiiamstod 
f'X|,«’rjit}oiif tifTh- f’oniaiiit'd inoro tiifratoH as tin* ammonitim salts 
apl#ljf’d tm fin*- ofil inoroa'n*d. 

M m fill* fin >o}iltisiitg and Muntz, Polon|.^s tho orodit of 

I''4 a Pii'ill 111 :! Px l■•'\|w*rili^onl fin* faot that nitrifioation is a Inolo^ioal 
. Til*';- worn Irvin;; lo a^oortain il fin* prosonoo of hmiins is 

M 


I’-. 
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XITUIFKWTK^S 


(‘SS(‘niiaI in llic of scwa.ac l>v nil. 01 h*\ fillf O a ula 

tnl)(‘ ()n(‘ ni(‘0‘r Ion,!!; with i;j;iiit(‘«l quartz .unal and |H»\\drrfil limr- 
stonc. H<‘wa^‘(‘ ])ass(*<l throiiL!;!! his liltrr at fir f uia'IiaiiLiril, fnit 
latrr iiitrat(‘S h(‘i^’au to a{>]><‘ar, and ;<»nu tin* fihr’air uiiaiin'd 
uo ariirnoiiinrn salts. They -ai^peeted inirroriryaui fu , a iMiiiu 
th<‘ a(‘fi\'(‘ a^:eii(, and hen<*(‘ treat(‘(l the rnitfeuf with t’hlMrijt’nnii 
\’a])ur. \itrifieatioii entindy eea^cil and ua, nt)f reurwa'd for 
S(‘\‘(‘n \V(‘(‘ks, althoni>:h th(‘ siip[»i\ fd’ elilnmfuruj \\a . u fHUidejl. 
A water (‘.\tra<*t (d fn'sh L!:anleu a»il added to the iuIh* «hui ro Uarted 
th<‘ process. 

These <‘\[>(‘riiaents were imruediatf’ly repeated h;. Wariniiieu u ho 
eoiifiriiied the n‘:iilt> of Sehh'edim^ an<l Mtintz aufl h«»vo'd that: 
t| ) d1ie power of uitrilieation eoiihi he etanunifjieafed to ruedia 
which di<l not ui(rif\ diupl> eediuir tleau \uth a uitrithine 
suie taij<‘e; *2» the proee • ot iiitrifleatiots ill irardeii eul i entirely 
suspended h\ tin* pre enee (d’ the \a{>or of ehlnredorni or earhon 
disiilphid. Since these early esperitnetit tuueh addifinnal proof 
has heeii furui 'hed hy in\e tipator •howinit' tliaf tin* prore o| 
nitrifii'atiou both in nil . and water i tindoiihledli due to hr* ini: 
miero(d’,u'anisin-'. Some of then- are the limit of lein|}er;tlure 
within which nitrilii-ation is po- ilTs the neee-dt; of a uifalde 
food, and finally the i,solati<»u of sfH-eilie orirani rn liautnr tlie 
[lower (d‘ producing nitrate . 

Sehlr>dn^: and Miiiitz were uiudih* ttii nolate ati>’ peeifie ff*rmenf 
eapjihle id* eatisin^ nitrilic'atiom htp tin* true nature of the proe«* 
not heing kiiowm many inve-4iirators turned to tlii pha-e of the 
Work and the rare to ;<‘e w ho would fir t reaeh the eoieled rroat In*- 
eariM* in{«'HM*ly interestiie^. t'elli-Zueo amd ffiTaeu , in Insti, in*- 
('eeded in isolatint( water rieh in nitrate a numher of form of 
haeteria wdiieli they eonsidered po- ,e:v>er! \ eiy hsdde {rurifujw 
properties, Inasiniieli as the nitric acid in tlu'ir eultiiri’ ma\ liave 
iieen ah .orhed from the air. and flaw dfil not net ei'd in i f»lat« 
ini^ and proving any ortrani'Un to he eapahle of nil rifieat ion their 
experiments wwv eon.-idered to he inr-onelu d\e. h'raiil, attempted 
a similar isolation hut without uieee-rn and In* e'ven roneiudr-ti 
that nit rilieation was not due to ihedirei't action of mie-roorLUiiii-m 
hut wa-i a purel\' efieniieal pro('c*vs, liyi liii-. view wa% oppo'4s! 
hy a luiiuher of writt*rs, notalily Latidolf* Platt, and liaiiiiiiiiim 

Warinj^toii and hVankland studied a larp* ntimiHT id’ '-^oil orpniii- 
isms, hut neillier w'as aide to fimi any which produced iieti\'e 
nitrilicaliom Fraiikland eontiimed to mainfaiii that the nitrify- 
orgaiii.sm was presi*nt in soil, and in IMttd :sue<>ta*ded in isolatiiii^ 
a spherical organism ahofit. (KS in dia.metf*r whieli possessed flu* 
pow(*r <d' eonvertina; amiiioninni salts into nitrites, but not info 
nitrates, dlie separatiem was inufie Ipv means of the fiiitilion 
method, usinixonly iiuirganie salts. 
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Isolation of Nitrifying I'ennents. 'lln* only (iclinih* result whirh 
IijhI lM*eii ivucIkm! ui> to ISiH) was that. Wiirv inusj exist in soil 
uii('r« M Ji’ii’a I li n-! possess t.lnt pouaT ol nit.rit s iiiL!,. !!(n\e\(U 

up to tie* time \\ iiioirrad'ky took up tin* sul)je(‘f. all altisupts to 
iu^ate mrh <a‘yaniuus ha<l proved futile. His pnuious (‘xperiemv 
had keen Mirli a - to eoiifinii his Ixdief in such organisms. lie had 
discolored mlcnx'irganisms whieli oxidi'/ed hydroguai sulphid 
. fil|)ho-!h'ieieria s and an iron eoiup<»uud If(‘rro-ha.et(‘na.). l ie 
nseoiied lliat it wasextnanely prohahle that (U’ganisins should (vxist 
in water and in i>il eapal)lt‘ of aiaiiling theuisehass (d t,h(‘aJuindant 
eneriri uhieii wouhl eome from tlie oxidation ol th(‘ aruiuouiuiu 
rtuupoufid" c«»n!ained ther<*in. lie e(}usid{*'n‘d that the numlHU ol 
nail peeie ; iKUild h(* small and that the way to secure and study 
uch iirirani in; \v<mld hv: fl) d’o find a niedium and (oiHlitiou 
under which t!ie\ would tlirive aiul In which the growth of (hmi- 
trifiina’ organi in wouhl lx* dise(»uraged; t2) to eoiitinue the eiilti- 
vatiou In -ueh a method long enough to (*liminate lor the 
part tulau’ organ! an u aiul when tlie eult tire.s ol tin* oxidi'/ang 
orgaui ui/ diouid haia* ixaai oi)taiuetl reasoiiahli pur<* and theii 
iiitrifiealifui of ammonia active, to proceed to isolate tin* various 
orgaauan and /^fudy the ehaiamter, and (‘spe<’ia.Ili the iiitiilying 
|H )U‘er of ea e| 1 in pu re eul t u r(*s. lie knew" that all pieia<JU:» at tempt.^ 
fn !/o|at<‘ tin* orgaui-an on gelatin plates had failed and In* etm- 
dden‘d that {U'ohahly th«* organism wiuild not gn»w on g(*Iatin. 
He hegan In wsarking with tw(» soils, om* rich in <»rganie matter, 
tlic other pofu*, hut hotit rich in <*arhorjate, atnl soon In* learin*d t.Iiat. 
firganie matter hindered nitrification. After (Minsi<lera.l)le work he 
finally adi^pted a inedimn having the followang eomianition: 


Watri- •»! f..uki: y.nriOi 

AfiaticiiiJitiii /JilnlcvU' 

\In,i-!i««*:'si*lifi c;y"!*<ry.’it«* 


lUOO wn. 

I Kne 
I ffjn. 

a 5 I raj. n» j I an r c. 


Wlieii sneli a medium wa;s inoculated witli suitahh* material, 
nitrifiention ivrtH so a.etivi5 that aitnu' fitt<*en days ev(*ry^ trace ol 
ainmonia liad disapintared, whereas cheek solution (smtained <udy 
sliglil tras'f*s of nitric* acid. 

Cultures were e<mtinued and repeatcal in this m(‘diinn lor three 
moiitlis. when in* eonsidenal that only the organisms suited to 
tills medium liacl survixsal, d hese were iinx‘u!ated on tc* geiatin 
plates and five species of organisms were found to h>rm ec^lonies ■ 
tliree tiaeferia, <me ohlium. and the fifth a. peeidiar organism wliic’h 
Ih* designated as ''fungus.’’ None, hnvvev(*r, possessed t.he power 
of eonveriiiig ammonia into nitric* acid. 

Ill the lic|uid eullures it was observed that a vc*ry tJiin film gnnlu- 
allv formed on the snrtaee of tin* culture and at timi'S a ;ilig!il 
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A culture medium was then prepared which was free from every 
trace of organic matter. On being inoculated, nitrification took 
place in this energetically, and it was found to contain large num- 



Fig. 31.—Nitrobacteria from cultures in liquid medium stained witlx carbol Fuchsin. 
X 2500. (After Gibbs: Soil Science.) 


bers of the oval bacteria, as well as the fungus form previously 
noticed, but the other forms had all disappeared. The fungus 
remained constant, and all attempts to cultivate it out were unsuc¬ 
cessful. 
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Mli(‘ n‘S(*an'li was thus hrou^ht t(» ilir taLir whin if niui*! 
prohahh* Ilia! tlir oval lKM't<‘ria rnit^ht l>r tiif nilril';. ins n-rni , 
To lost iiatiiro ami a(*ti(»n satthf* man'atl iht 

.s]>routin”: fiinij’U.s was (‘allod {‘or. d'o ac'ooiit|f!i, li thi . Wimtirntl 1 v 
r(‘.sorto(l to a \ory iii^criiriiis tfioutrli a simplr dnior. 1 ht tiiiiiu 
would (lrv(dop ill .gelatin; tlio haotv'ria would not. Sundl parilrb* 
of tin* oarljouat<‘, luoro or Ion, oii\(‘lopod 1>> iIm' iiarif ria. vu ro 
tak<ui from Iho f>olt(Uti of the oultiiro flask l>\ moan of a oapiliar; 
1iil)(* and pIao<‘(l in a lar^o flask of storilizod walor. Tin* oonfoiii 
of 1fH‘ flask wen* flion w<*ll rdiakiai and a |.a‘laliii plair inonjlaifd 
with drops of flu* li<piid, tlio partiolo.^ oarl>onafo or\ in;: to indi- 
onto the* plaoos whom tho irolatin had hoou {n<*« nlafod. In muio 
of thoso I ho fmijiius d(*\'<*h>pod. Ino<’u!alion , of fho riilniro laiuid 
fnan tho (jIIhu* .-.pol;-. faihal to yirld tlio funmi imt dovolopi d I ho 
haotoria. liy thi:. mothod of ’*invor f* |,a*lafin oulliiro” liio Itaoif iTi 
woro ohtainod pun*. Liquid oullun*s imanlatod wiih fho tfarioria 
oxidi'/od ammonia rajudly. Tho iuforonoo wa; fliat i!io haoioria 
W(*ro tlio nitrifyin^^ organisms of tho soil. 

Winogradsky dos(*rihos tho nit rito-forming organi no a of oo. ;d 
ftu’m, aljout L! to LS p hmg aui! tt.d to 1 /i wido, u ua!!; at ro t !ai! 
at times (*apalde <»f motion and (lividing porpmdioularly to ihi* 
hmg<*st axis. Ifo plaoos it in a genus by ito-lf, whioh lio oaJL 
Ah7ro,vo7/oanav. 

dlio nitrati'-haining (»rganisiin iiitrohiuler. i,'. n.d fo fi.d uido 
and about 1 g long. The (*<*lls oeour singly t»r in pair,:', jiiid or^si- 
sionally in threc*s. ’’.riioy an* spindlo-diapot!, nonunoiilo, and 
poss(*ss a oapsiile wdiieh makf*s tlmin dilfiouit to :-.fain. 

By way of ooinparing the aetivity of tin* iiitrobinij'r witii fhaf 
of the ff‘rment.H as th<*y a.etua.IIy cH-our in oii!, W'inoitrad'-'ky iiiasli* 
a s(‘ri(*s id’ exp(*rinients to ('lanpare flie ainounf of nifrilioafion ii.i 
Ids oulture Iif|uid with that observf*d by Solilo>.fiig in a .■■oil to 
wdaoh, however, more oxv'gfui had aeress than iva'^' ih*’ r'a/o with 
Wim >gra(i sky ‘a Ii(|ui< i. 

While in HcTh'ksingks experiments b\ the use of gfip gniiii ^ 
eaiifi, d.*L lb and 4.1 mg. of nitrogen, respootivoh, won* iiitrifiod, 
Winograsl.skyks pure cidtureHof haotoria nitrifif*d me. of ainiiio- 
nium sulphati* iu tweiity-hoven days and flMIt mg, in iliiriv f!a;o:-... 
dliereforcq during the lariod at wliioli nitrifieation wios iiio:vf rin-r-* 
gtdio then* wandd he formed ahont 7.2 ing, i»f nifrogfut per ilas. 

Winogradsky further invc‘stigated tiie interesling and vt-ry 
n*inarkalde far*! pn*viously <*ited, that flat nitredutotor, alflioiigli 
containing no elilorophyll, gnwvs and is aide* fo in a soIti- 

tion entirely free from organie matter, 'bo thin bift bfnoud 

doutd, he |>repared a. (’ulture medium absolutely frei» from i‘V"oih 
triic'c «d‘ ea‘giinie mutter l.^y using twiec* distilled and to:4,or! waii'r 
and salts wdiich hud been <*urefiilly piirilied by reoryj4iilli>^atiom 
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He thoroughly removed all organic matter from the glass dishes 
and apparatus to be used, and inoculated separate portions ot 
the medium with the nitrobacter. The cultures developed nor¬ 
mally in the dark as well as in the light. To gain an idea of the 
extent of the assimilation of carbon, the carbon in the organic 
matter which had been formed by the organism in its growth was 
determined by analysis. Four cultures contained 10.2, 7.1, 4.6, 
and 4.8 mg., respectively, of assimilated carbon, and in these 
cultures 928, 604, and 83.5 mg., respectively, of nitric acid had 
been formed. This seemed to leave no doubt that nitrobacter is 
able to assimilate the carbon of carbonic acid. 

Later, in 1891, Warington, in a solution containing mineral 
salts, obtained after repeated generation a culture which nitrified 
vigorously. This contained no organisms which would grow on 
gelatin and was regarded by him as containing only nitrifying 
bacteria. The organisms thus obtained were oval in form and 
seldom 1 micromillimeter thick and only slightly longer. 

At this time Winogradsky made a decided improvement in the 
separation of the nitrifying organism from solutions by use of the 
Kuhne gelatin silica medium. The nutrient basis of this medium 
as used by Winogradsky was composed of ammonium sulphate, 0.41 
grams; magnesium sulphate, 0.05 grams; potassium phosphate, 0.1 
gram; sodium carbonate, 0.6-0.9 gram; calcium chlorid, a trace; 
and water, 100 c.c. 

The inoculation of the plates took place either by mixing the 
inoculating material with the above solution before the addition 
of gelatinous silica, or it was made as a streak or smear culture 
on the already hardened material. In this way the nitrifying 
organisms developed distinct colonies from which pure cultures 
were obtained. 

The investigations of Winogradsky and simultaneously of War¬ 
ington showed the following: (1) That in the soil the nitrifying 
process was effected by two distinct but closely related organisms, 
the one converting ammonia into nitrous acid and nitrite and the 
other changing the nitrites into nitrates. (2) That these two 
processes follow one another in such rapid succession that the 
production of nitrites is only a transitory phenomenon, so that 
if both the nitrite and nitrate organism be added to sterilized soil 
the process is com])leted in the natural way, only the merest traces 
of nitrous acid appearing. 

If to a mineral solution containing ammonium salts, a pure cul¬ 
ture of nitrosomonas be added, only nitrites will appear and these 
will remain unchanged in the absence of the nitrobacter. If, 
however, the two organisms be added simultaneously nitrates will 
be rapidly formed. 
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According to Kaserer there is an organism which can oxidize 
ammonia direct to nitric acid, but so far this has not been confirmed. 

In 1892 Winogradsky studied the nitrifying organisms of the 
soil from a number of difl'erent localities, lliose from several 
parts of Europe, from Africa, and from Japan, which he considers 
to be the same organism, he names Nitrosomonas europea. A second 
form from Java soil differing from the first, he names Nitrosomonas 
javenensis. Both of these comprise the nitrate ferments of Wino¬ 
gradsky, the second nitrate ferment was isolated by Winogradsky 
from Quito soil and diff'ers from the first not only as to size, as 
above mentioned, but also by entirely lacking the motility common 
to the latter. 

In 1895 Burri and Stutzer isolated from soil a nitrate organism 
with properties akin to the Quito bacillus of Winogradsky. It was 
a motile organism, 0.75 — 1.5 x 0.5 micromillimeters, growing 
on gelatin which it liquefied, said organism, according to these 
\vorkers, being able to convert nitrites into nitrates, but losing 
such power when grown on organic media. 

The results of Burri and Stutzer, so contrary to those of Wino¬ 
gradsky, brought forth a vigorous rejoinder from the latter. In 
this Winogradsky stated that he tested the same earth used by 
Burri and Stutzer and isolated therefrom his own nitrosomonas, and 
that the latter when tested in bouillon, meat peptone, gelatin, and 
agar failed to grow. He, therefore, regards the German work as 
erroneous. 

In 1897 Stutzer and Hartleb appeared with a still more startling 
series of discoveries in which they not only maintained the ability 
of the nitrifying organisms to grow in organic media, but also 
showed that the latter possessed a polymorphic habit never imag¬ 
ined in this or any other like group in the whole domain of mycol- 
ogy—the ability of simple eoccoid or rod-shaped forms to develop 
into filaments or even into branched forms, with the further pro¬ 
duction of true goiiidia and other even more, highly organized 
fructification bodies. 

Gartner discussed the work of Burri, Stutzer and Hartleb on the 
polymorphism of the nitrifying organism, and from presumably 
pure cultures of the latter’s nitrifying ferment was able to isolate 
thirteen different microorganisms, including a fungus form (Schim- 
melpilz), thus proving their impure character. Furthermore, 
Gartner showed that these several organisms, when once separated 
in their pure state, retained their fixed character, with no tendency 
to polymorphism, and indicated none of those transition stages 
from bacteria to fungi noted by Stutzer. Again, none of these 
isolated organisms possessed the power to convert ammonia into 
nitrites. C. Fraenkel simultaneously isolated from Burri and 
Stutzer’s cultures 11 different organisms, including 7 bacilli 
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experiments, Kochenavski demonstrated that potassium carbo¬ 
nate is more efficient in this regard than is calcium carbonate, 
probably because the potassium acts as a food in addition to the 
neutralizing of the acid. Owen has found magnesium carbonate 
even more efficient than potassium carbonate, and this is in keep¬ 
ing with the findings of Lyon, and Bizzell and White. Pangan- 
iban’s findings appear to differ from these, for he claims that liming 
greatly increases nitrification only when the limestone contains little 
magnesium carbonate. The soil of the LItah Greenville farms con¬ 
tains 16.8S per cent, of lime (CaO) and 6.1 per cent, magnesium 
(MgO), and they nitrify ammonium sulphate, dried blood, and 
cottonseed meal readily. 

The carbonates are not the only substances in the soil which 
serve as bases for nitrification, since, according to Ashby, a marked 
nitrification of ammonium salt can be brought about in the presence 
of ferric hydrate, either in the freshly precipitated state or as 
“iron rust.” In solutions, however, nitrification is not completed 
where iron is the only base, probably because the ferric nitrite or 
nitrate formed dissociates and the solution becomes acid. 

The double ammonium combination formed by the absorption 
of ammonium salts by modelling clay can most probably be nitri¬ 
fied in the absence of any base, but the corresponding combination 
with peat undergoes no nitrification in the absence of a base. 

One of the functions of the base in nitrification is to form ammo¬ 
nium carbonate, and the facility with which nitrification is set up 
by different carbonates depends upon the rapidity with which 
they can react with a neutral ammonium salt to produce ammo¬ 
nium carbonate. This reaction is greater with magnesium car¬ 
bonate than with calcium carbonate, but is almost absent with 
copper carbonate. 

The quantity of lime which must be added to a soil for maximum 
nitrification varies with the original reaction of the soil and the 
fertilizer to be nitrified; ammonium sulphate requires more than 
bone meal, cottonseed meal, or dried blood. 

There should always be an excess of the base present, for Fischer 
found that the theoretical amount of lime (200 grams of calcium 
carbonate) required for the nitrification of ammonium sulphate 
(132.7 grams) was not sufficient for complete nitrification, but 
about three and one-half times the theoretical amount was required. 
Even much larger quantities of either magnesium carbonate or 
calcium carbonate may be used without ill effect, but large quan¬ 
tities of quicklime may cause a rapid burning out of the organic 
matter and even volatilization of ammonia and may even stop 
nitrification. For, while nitrification takes place in a feebly alka¬ 
line medium^ yet the presence of anything beyond a small quan¬ 
tity of an alkaline salt is a hindrance to the process, and a large 
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More recently, Coleman using pure cultures of nitrate producers 
obtained ratios varying from 40 to 44. 

Now there are two sources of carbon dioxid which are available 
to the nitrifying organisms—one, the carbonate, which is present 
in the soil; the other, the carbon, in the air. According to Wino¬ 
gradsky, the carbonate supplies the carbon for the bacterial growth, 
it being liberated by means of the acids, which they produce. On 
the other hand, Godlewski considered that it is chiefly from the 
atmosphere that the carbon dioxid requisite for the construction of 
new cellular substance is derived. He found that development 
did not occur in cultures containing magnesium carbonate when 
air free from carbon dioxid was admitted, and concluded that: 
(1) Nitrosomonas placed in a pure mineral solution are unable to 
assimilate the carbon of magnesium carbonate; (2) it is very improb¬ 
able that the nitrobacter derive their carbon from the organic 
substances of the air; (3) it is very i>robable that these organisms 
find the carbon which they need in the free carbonic acid or in the 
carbonic acid of bicarbonates. But Owen, after careful experi¬ 
ments in which he used a specially devised flask for the elimination 
of the carbon dioxid of the air, concluded that ‘'the nitrifying 
organisms of the soil do not depend to any appreciable extent on 
the carbon dioxid of the air for their carbon supply.” Hence, the 
evidence seems to be that the organisms under appropriate condi¬ 
tions possess the power of utilizing either source of carbon. 

The nitrite bacteria obtain their nitrogen both for oxidation in 
the production of energy and as building material from ammonia 
preferably in the form of ammonium carbonate. They are, how¬ 
ever, according to Ashby, able to utilize the double ammonium 
combination formed through the absorption of ammonium salts 
by modelling clay, but the corresponding combination with peat 
undergoes no nitrification in the absence of a base. However, 
according to Marcille, the nitrogen of ammonium phosphate is not 
so readily transformed into nitrous acid as is that of ammonium 
sulphate. Yet the phosphate appears to furnish a much more favor¬ 
able medium for the transformation of nitrites into nitrates than 
does the sulphate. 

While calcium cyanamid is nitrified when added to a soil, it is 
not until it has been transformed into ammonia by other bacteria, 
chief among which are, according to Lohnis, i?. putidum, B. 
mycoides, B. mlgare var., B. zopfii lepsiense (n.sp.), B. Idrchneri 
(n. sp.), jS. megatheriurrij B.fLuorescens, B. suhtilis, B. elUnhachensis 
and B. mlgare. According to Boullanger; the nitrous organism 
does not attack hydroxylamin hydrochlorid. 

Excessive quantities of ammonia or ammonium salts hinder the 
multiplication I of j^nitrifying organisms but do not interfere with 
the action of those alr^adj^ pregept. Boullanger and Massol found 



XiriaFK^ATiaS 


the iniiiimuiii reliinlin^' itnioiinf cif aiuiuiniin t<» fn- J 

|H‘r nnlli(»ii. Il .-cldnni .-nflieieni ainineiii;! i* iji ui! 

under natural e(Uiditi<»ri; (e interfere with die fiiiilfipli'-afi«tn nf 
nil rifx inij.’ haeleria. 

Ju>t as all oru'anie nitroiLien run l he aniUMUjifi*'*! hrlMrr it r;iu 

he ehan.ued })\ tlie nitrn-oinnna to fiifroii arid. *• ail ainiiefiua 
ennipoiind;'. inii.et Im* ovJdi/ed to nitron aeid hetoro the {jit ri ;ha» tfr 
ean eon\e*rf them into nitrie aei<l. 'The nifrife ora’anim ffadil; 
o\idi/.e:“> nearl\ all iiitrifeN in oliition enufainina to I irani 

[HU* liter, hut lafL^er quantilie of the nitrite are torie e .rn in ihr 
nilroniona . 

Organic Matter. \\'in«»i!'rad.-;kV' I'arl;.- It'ariied that die nit rif;.. in;/ 
ore;anisms uill not ;ir(»w in a inedinm eonfaijiiii-^ Mhihh* orranie 
inatler, aial inee that time nnmeron e .periniem ha*, e heen 

made to aeeounf for (hiripparent di »*re|>ane; . If v. a ;ieli l.finr.ii 
that nit ri heat ion take- [daee in the nil and eomfMi i n, hirh eMniain 
orf^anie material. lienee, the theor;. ua (ion ad aiieed dial 

ori^anie matter in the form of humu I noi injiirioij and ina; 

aetnall> Im- henelieiah a i illu-trale'd hi die \*orl„ nf "^mirno 

n ; ; IV St#'O » 4 n 

S'iuniiifii* \-e{ a* n.v, ■! \ | t'j „, ; a.,-, •• 

i S { 1 if !u;.' ;'S *1 ;* /■ n V,,,- 

a w :M 1 } m ;*a is 

Mimt/, later etmelnded that hmnn eien in larger «juaiilrde 
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stock but from the straw, particles of earth, etc., that stick to the 
manure. These bacteria increase in number until at the end of 
four weeks there may be 1000 per gram of substance associated 
with these. Hence, we may conclude that the absence of nitri¬ 
fication which has been noted by various workers when organic 
matter is present may be due to some of the following factors: 
(1) Excessive quantities of soluble organic matter. This has been 
repeatedly found to be the case where excessive quantities of 
carbohydrates have been added to the media. (2) A low per¬ 
centage of potassium as suggested by Renault. (3) The physical 
and chemical properties of the medium, as noted by Stevens and 
Withers. (4) The presence of organic acid, as is the case in peats 
and forest soils. In this condition it is the acid reaction which 
interferes with the process and not the organic matter present. 
(5) A substance may be toxic when tested by the solution method, 
whereas in the soil it may be inert or actually beneficial. 

Energy.—The nitrifying organisms are devoid of chlorophyll 
and function best in the dark, yet they synthesize from the carbon 
dioxid complex organic compounds. The energy necessary for 
this synthesis is obtained by the nitrosomonas from the oxidation 
of ammonia: 

2NH3 + 3O2 = 2HNO2 4 - 2H2O + 157.6 Cal. 

and by the nitrobacter from the oxidation of nitrous acid: 

2HNO2 + 02 = 2HNO3 + 36.6 cal. 

Lafar points out that if the quantity of nitrogen oxidized per 
unit of time be taken as the standard for measuring the chemical 
energy of these organisms, the nitrosomonas will be found the 
most active of the two. From this fact he concludes that the 
conversion of the trivalent nitrogen of nitrous acid into pentav- 
alent nitric nitrogen requires the expenditure of a greater amount 
of internal force than is needed for the first step in the oxidation. 

Metabolism.—The metabolism of these organisms has, therefore, 
been the subject of considerable study. Winogradsky early sug¬ 
gested that the ammonium carbonate in the first place probably 
gives rise to an amid, somewhat similar to the transforming of 
ammonium carbonate into urea: 

NH4O NH4O NH2 

\ \ \ 

^CO yco 

NH 40 / NH 2 / NH 2 / 

ammonium ammonium urea 

carbonate carbamate 
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It is quite likely that all organic compounds are first trans¬ 
formed into ammonia by other organisms before they are nitrified. 
Demoussy found this to be true of monomethylamin, trimeth}damin, 
anilin, pyridin, and quinolin, and, according to Lohnis, calcium 
cyanamid. This is also true for carbamid, thiocarbamid, uric 
acid, acetamid, anilin sulphate, methylamin sulphate, ammonium 
oxalate, asparagin and ammonium sulphate, which, with the excep¬ 
tion of thiocarbamid and anilin sulphate, are readily transformed, 
according • to Busley, into ammonia by other bacteria and then 
nitrified. Hence, the early conclusion reached by Winogradsky— 
that pure cultures of nitrifying bacteria are incapable of nitrifying 
organic nitrogen—has been borne out by other investigators. 
Where contrary results have been reported it has been due to 
the presence of other organisms by which the nitrogen has been 
converted into ammonia and then nitrified. The process is cata¬ 
lyzed by oxidizing enzymes which must be specific in their action, 
for Omelianski found the nitrifying organisms unable to oxidize 
mineral compounds such as sodium sulphite and phosphite. 

Oxidation in this case cannot be regarded as being of a violent 
nature and it scarcely seems conceivable that the nitrosomonas 
should be able to oxidize ammonia direct to nitrous acid without 
passing through intermediate stages of oxidation. Most workers 
consider it probable that in the oxidation of the ammonium radical 
there are formed certain intermediate substances which must be 
regarded as more or less hydroxylated ammonium radicals. 

Mulford , in a study of the bacterial oxidation of aqueous solu¬ 
tions of ammonium salts on experimental filters inoculated from 
* actively nitrifying sewage filters found that the oxidation proceeded 
in a series of stages compatible with the hypothesis that the hydro¬ 
gen atoms are successively hydroxylated with the subsequent elimi¬ 
nation of water. Hydroxylamin salts and salts of hyponitrous 
acid and nitrous acids were found as intermediate compounds. 
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must be diminished as the soil becomes richer in nitrates. As early 
as 1887 Deherain found that the most active nitrification took place 
when the soil was allowed to become partially dry between the 
applications of water, and later he found that there was a rela¬ 
tionship between the speed of nitrification and the moisture con¬ 
tent of fallow soil, the nitrification increasing with the water. 
Boussingault taught that when soils contain as much as 60 per 
cent, of water they lose in a few weeks the greater part of their 
nitrates. This teaching gave rise to the general belief that deni¬ 
trification may take place to a great extent in soils, but recent 
work has amply demonstrated that it is only extremely abnormal 
conditions where this becomes an important factor.. 

Deherain and Demoussy found that the bacterial action of a 
soil was at its maximum when a rich soil contained 17 per cent, 
of water, but that it decreased if the proportion of water fell to 
10 per cent, or rose to 25 per cent. With soils less rich in humus 
a somewhat higher proportion of water was necessary to retard 
oxidation to any marked degree. 

The optimum moisture content for nitrification, according to 
Deherain, is 25 per cent. An insufficient supply of moisture 
checked both nitrification and nitrogen fixation. This occurred 
when the water had been reduced to 16.5 per cent. This, however, 
would vary with the soil, for Schlosing found bacterial activity 
less in fine-grained soils than in lighter, coarse-grained soils. In 
order that nitrification be equally active in both light and heavy 
soils, the latter must have a higher percentage of water than the 
former, a difference in moisture content of soil of 1 per cent., accord¬ 
ing to Dafert and Bollinger, being sufficient to produce a marked 
change in the oxidation going on in the soil. 

Traps found that the number of nitrifying organisms in a soil 
varies with the moisture *and that their activity was periodic, rapid 
nitrification being preceded and followed by periods of less activity. 
Later he found nitrification to be at its height in soil containing 
55.6 per cent, of its water-holding capacity. Excessive quantities of 
water practically stopped nitrification and were much more injur¬ 
ious than too small a quantity. The water requirements, however, 
varied considerably with the soil. Coleman’s work with a loam 
soil showed nitrification to be most active when the soil contained 
16 per cent, of water. It was greatly retarded when the water 
content was reduced to 10 per cent, or increased to 26 per cent. 

Patterson and Scott’s work is interesting in that they found 
nitrification to be inactive in sand and clay soils which still con¬ 
tained about three times as much moisture as in their average air- 
dry condition. At the lower limits of moisture less water starts 
nitrification in sand than in clay. At the higher limits of moisture 
less water stops nitrification in sand than in clay, while the opti- 
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mum amount of water probably varies for each soil; it is higher 
for clay, yet for both soils it lies within the range of from 14 to 
18 per cent. A rise above the optimum amount of water is more 
harmful than an equal fall below it. 

The work of the Utah Experiment Station demonstrated that 
the application of irrigation water to a soil has a distinct beneficial 
effect upon nitrification, being greatest where 15 inches of water 
were applied when the nitric nitrogen formed amounted to 28.5 
pounds per acre-foot of soil. The greatest benefit per inch of 
water, however, was obtained where only 7.5 inches of Water were 
applied, resulting in 3.8 pounds of nitric nitrogen per inch of water, 
while where 15 inches were applied it was 1.1 pounds of nitric nitro¬ 
gen per inch of water applied, and when 25 inches of water were 
applied to the soil the nitric nitrogen produced was only 0.7 pound. 

Miinter and Robson found that hornmeal decomposed more 
rapidly in dry sandy soil than in clay or loam, whereas with higher 
moisture content there was little difference. Ammonia sulphate 
transformation increased with a higher water content. The best 
nitrate formation from hornmeal occurred in sandy soils. In clay 
and loam it was best with a medium water content. Sharp found 
that the water content most favorable for ammonification was 
not the optimum condition for nitrification. The former was 
most rapid with a 25 per cent, water content and was not markedly 
affected by 3 per cent, differences. Nitrification was at its maxi¬ 
mum when the soil contained 19 per cent, of water. When it was 
increased to 25 per cent, the rate of nitrification was decreased 
50 per cent. 

McBeth and Smith found a slight variation in the number and 
nitrifying powers of soil, depending upon the moisture content. 
However, Gainey considers that among the factors controlling the 
bacterial activity of a soil the available moisture probably plays 
a leading part. But the author has reported results which indicate 
that the nitrous nitrogen content of a soil is independent of the 
irrigation water applied up to 37.5 inches a year. Results recently 
published by the Utah Experiment Station clearly demonstrate 
that the influence exerted by water upon ammonifying, nitrifying, 
and nitrogen-fixing activities of the soil varies greatly with the 
organic matter in the soil and is much more marked in effect on 
soils recently manured than on those which have received no 
manure. 

From the literature cited it may be seen that the nitrifying power 
of the soil is a function of the moisture content of the soil, and 
that the optimum varies with the physical and possibly with the 
chemical properties of the soil. Recent work at the Utah Experi¬ 
ment Station shows a close correlation between the nitrifying 
powers of a soil and its water-holding capacity and varies only 
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cent yielded 95.7, that containing 11 per cent, yielded 132.5 mg., 
whereas that containing 16 per cent, of oxygen yielded 246.6 mg. 
of nitric nitrogen. 

Plummer found there to be an optimum mixture of carbon 
dioxid and oxygen for the best production of nitrates. This he 
found to be one containing from 35 to 60 per cent, of oxygen. But 
Hutchinson found complete nitrification of ammonium sulphate took 
place under semi-anaerobic conditions in which no nitrification of 
oil cake occurred. 

Stirring and pulverizing the soil is, therefore, of great importance, 
as further shown by the experiments of Deherain. A number of 
pots were filled with soil. Part of them were allowed to stand 
undisturbed, while the others were poured out upon the floor and 
frequently stirred. -Those stirred invariably contained from ten 
to forty times as much nitrates as did the unstirred. 

The work of King also shows that the stirring of the soil affects 
nitrification. Pie further found land plowed in the fall contained 
a different amount of nitrates than did the unplo^ved land, the 
difference being apparent throughout the following summer. 

Crop and Fallow. —Plven as early as 1855 the work at Rothamsted 
had demonstrated that the beneficial effects of fallowing lies in 
the increase brought about in the available nitrogen compounds 
of the soil. Deherain and Demoussy’s work indicated that there 
is a larger production of nitrates in fallow than in cropped soils, 
and Pfeiffer considers fallowing an extreme form of soil robbery, 
for he found that it promotes the activity of the soil organisms, and 
hence hastens the exhaustion of the nitrogen supply. But, as it 
is so clearly pointed out by Warington, these results may not hold 
in a dry climate or during dry seasons; for here bare fallow^ may 
not necessitate this loss and much is to be gained by its practice. 
But it must always be borne in mind that if there be sufficient 
moisture the loss may be great. For instance, Schneidewind, 
Meyer and Munter record a loss in fallow plats of 85.5 pounds 
per acre, which even exceeded the nitrogen removed by the growing 
plant on the cropped soil. 

On the other hand, McBeth and Smith claim that plats con¬ 
tinuously cropped to alfalfa, potatoes, oats, and corn all show a 
higher nitrifying power than do corresponding fallow plats and 
that the stimulating effect of crop production on the nitrifying 
power of a soil is most marked in alfalfa soil. This is in keeping 
with the recent findings of Welbel, but is contrary to the findings 
of many other investigators, for Heinze found fallow to increase 
the pectin, cellulose and humus fermenters and also the ammoni- 
fiers, nitrifiers and Azotobacter. Russel finds that late summer 
fallow land is richer in nitrates than is cropped, even after allowing 
for the nitrogen taken up by the crop; and Heinze shows that 
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for Imre t!n‘ exe(*ssive rains wash tlie .olnhle intrate from ilie oil 
as fast, tis formed, d'he eiiltivatini^ of falkrw iiirther iiiereao* the 
nitrate eonfent, as was shown hy Itiehard on. \itriliralion i 
rehited to fallow* and <*ro[K as may he a*en from the follow im: re nil 
obtained 1>\' fhe author: 
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dlie resnlts reportetl und(*r milligrams of nitrot^r-n fl\ed iiiflir .ate 
that in an arid soil the ineretiHeii nitro|^n*n fixation in a fallow »ii! 
more than olfs(*f>. the !o-s of nitrate^^*, e\f’n tlioir^h r;ipidl;* formeti, 
for little, if an\s would he lo'-4 in the draiiiaue wafer , The-e 
results ha\ e n*eentiy been efudirined hy Heed and W illiam . More- 
(A'<*r, lh(‘ ntnnher of orLUHii-ans in the .noil ami fli** rapiiii'ty of tlie 
ha.eterial activity within fhe same ^roiim to \afy preally wifli 
the thoron^lmess and lime of eulti\-atimi, a-^ -hown I te’hfTain, 
Neish, and Wliit.am, t'he^'^ter and C.^uiropa, whilr* the nuiiihr'r 
ami aeti^'ity of tlie orpanisim-^ in the soil ma>' in a decree dr'termine 
the speed with wliieh the wat(*r e\aporalfss from a 

''Fin* 'Work at the Htitham.ded slation early deniffir-.trattsi liiaf 
the nitrate.H in the drainapa* water from tin* variom-. plats \'arie«l 
^n’ea.tl\y dependini^ ii|>on tin* ernp grmvini: upon the -^oi!, llm- imli» 
(xatin^ a. relationship between the availahje nifropen in a. :siii and 
crop upon the s<iil. Sinee thaf time iminy eX|«uTiiit’iit'- 

have eonfirmed tliis eo-nelusiom Furthf*rmore, Kiiu^ ami WhiiMui 
found 22 pf*r eent. more nitroju^en fleveloped from soil nffer e!o'\'er 
'than from .noil after <*orn, and Id per rviit. tmm* fiiaii nflii^ oaPo 
Later work l>y them showed tliat them* are preatiw «|iiiifi!ifieH of 
nitrat(*H tlinmghout the entire season in sia! under eorn f»r jiofiiloe'. 
than, in soil under c'!ov(*r and oats. Sfew'art am! Idreaves foinni 
that dill'erent plaiitH show a markf-d difft^remv in their deiiijriids 
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upon the nitrate content of the soil, there being a steady decrease 
in the concentration of the nitrate content of potato and corn 
lands as the season progressed, while that of fallow and alfalfa 
remained practically constant, the nitrate content of the latter 
being uniformly low through the season. According to Lyon and 
Bizzell, soil that had produced alfalfa for five years was higher in 
nitrates than soil that had grown timothy during the same period. 
Furthermore, the former nitrified ammonium sulphate more readily 
than did the latter. 

Brown found that the rotation of crops caused an increase in 
number of organisms in a soil, also greater ammonifying, nitrifying 
and nitrogen-fixing powers than continuous cropping to either corn 
or clover. Furthermore, the crop on the soil at time of sampling 
was of more importance from the bacterial viewpoint than the 
previous crop. However, the preceding crop has a marked effect 
upon the nitrate content of the soil, as is seen from the work of 
Lyon and Bizzell, where plats that had been planted to certain 
crops were kept bare of vegetation in the early part of the growing 
season of 1911. ' Nitrate determinations of the soil were made and 
the nitrate present showed a distinct and characteristic relationship 
to. the nitrate content found under the several varieties of plants 
previously grown upon the soil. Later they showed that alfalfa 
soil nitrified more rapidly than timothy soil, both in the soil on 
which the crops had been grown continuously and in that from 
which they had been removed and the soil kept bare for two seasons. 
The author has shown that the nitrifying powers of alfalfa soil, 
while slightly higher than that of virgin soil, is very low when 
compared with either wheat or potato and fallow soil. Further¬ 
more, the extensive work which has been conducted at the Utah 
Experiment Station demonstrates that there is a very pronounced 
relationship between the crop growing upon a soil and its nitrate 
content. However, in this work the nitrate content of the alfalfa 
and oat soil is very low, while that of potatoes and fallow is high, 
and we find the nitrifying powers of alfalfa and potato soil high as 
compared with fallow- 

Nitric nitrogen Nitrifying 


Crop. in soil. powers. 

PaUowi.lOO 100 

Alfalfa.36 148 

Oats.36 108 

Corn. 33 77 

Potatoes.99 21 


Hence, we can conclude that alfalfa not only feeds closer upon 
the soluble nitrates of the soil but also makes a much greater drain 


1 Fallow taken as 100. 
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upon tlio insoluhh* nitrf),ti:o!i of tlio soil Its inrrra iiii! if uifril; iitt! 
po\V(‘rs. 

Season. soasou of fho yoar lia^ a luarkcil iutiiu iiri* iipuii 

tlio l)act(*rial aotivitios of thi* soil, hut it i-^ iint imh*** aril; «’nrri*“ 
lat(‘(l witli th(* iiitrat{* ('(aittail of Iho soil. Sohlo iuu foiiiif! flio 
nitrates in the drain wat(M* from hoth nianurrd and uninanur»‘d «»il 
hi|j:li in spring, as oorn(airod with rnidMunnior, fall, or w ifUrr. lliii . 
oonlirtuiu^ the n*sulfs <>i)tained at tin* Kothamtaliou, 
n^ports nearly five times the ({uatuit> of nitratr in fallow and 
en)pp(‘d soil during .luiu' as during No\enilM‘r. Hr dor . ho\v**\i'r. 
find inon* durintr dune than durinir Ma\. Hk* o\arf asi on i»f 
th<‘ y(‘ar at whi<‘h the inaxiinufu nitrate ronfent i rrar*hod will 
vary with a nurnher of faetors, <‘hiof ainonir whirh i i!io kind of 
crop ^rowitiii: on the soil, tor Kitiy^ and Whit om found that tlir 
nitrat(‘s in th(‘ surface foot start in tlie . prim: romparafi\#d;- low 
and inereas(‘ ra{)idly until rfum* 1 on olover and oat lU'oiuid. and 
until 'Inly on corn ami potato t^round. kroiu the a* daJr the; fa!! 
more or less rapidly and the work at the ( tah Station d«*moir I fair* 
eonelnsivady that tlien* is a seasonal \ariation. di'pondin;: upon 
tiunperature, crop and (piantity of irriijfation wafor afvplird in 
iln‘ s<ak 

Moreo\ei\ Andre has shown that tin* in ohihh^ nitroijriioii. 
eoinponnds tlie surfaei* s(al are largely trandormod info oinhh- 
eompounds during tin* summer, anti these are wide!) <!itfir<’«! 
tliroui^h the {|e(‘per layers of soil thirifm fht^ ttintrr. o that in the 
spring tin* lower lasers t»f stal f'ontaiti more solnld** niintgi-n tliaii 
tin* surface sod. At tin* end of Mimtner, }iow‘e\"er, I la* tlistrihulitm 
is uniform, dliis fimling has hef*n amply verifii*d hy fhr 

results reported Ity St<*wart autf (irea\es, Welhid, den-om an*i 
lyVtm ami Hiz/.olk 'The result-, will vnrs , lM>we\‘er, witfi tiillerimf 
sfdls, as shown hy Hus-^rll who retHUi'-^ flu* fluefnafi**n‘- in nifraft-'-. 
more markts! on ktains than on <‘la>s <»r suhIs, Mt»rot»ver, la* 
hninti tin* haeterial activities much greaf«‘r in earl> uuumrr fhan 
later. 

Mtdl e\a*n goes so far a:-^ to claim from his work that flw* Hraom 
of the year is the principal factor in dcfcrinining fta* hitadicfiiiriii 
transh»nnalit)n in a stiil, and Hciir/i* found that the luiiither of 
(organisms in a soil was liiglH*st in tlie summer montliH and l<»wr '4 
in tlie fall and spring. As already |wanted out, the higiica. niiri- 
fying lanver of a soil is ia>t necessarily <‘t>rrelafcd with ihi* liigliest 
nitrate content. 11 ie latter is highest in s|^>ring or early -1111111114, 
wlrik* Vog<*I fdnnd tin* fornuT to la* liigliesf in C)t*f.<d)cr ami Xo\'ciii« 
l)er, after wliieli then* was a falling off mifil April, wlicn ii rose 
again, hut not so high as in aiitumn. ddiis corresiamd'H fair!> %%'cli 
■with the findings af (kn*ein h^r the ammonifying pcavi^rs of tlif* 
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soil. These findings, however, are contrary to those of Wojtkie- 
wicz, who found the maximum number of organisms to occur in 
soil during the spring and the minimum in the winter. He also 
notes a correlation between bacteria present and the amount of 
nitrates in the soil. 

Climate influenced the nitrifying powers of the soil, and Hilgard 
taught that the nitrifying powers of the arid soils are superior to 
those of the humid soils, but the extensive work by C. B. Lipman, 
both by laboratory and field experiments, in which soils have been 
transported from humid to arid districts, and vice versa, has shown 
just the opposite to be true—-namely, that the biological activities 
of a soil are more pronounced under humid than under arid 
conditions. 

Quantity of Nitrates Formed.—The quantity of nitrates produced 
in a given soil varies with all of the factors which have been con¬ 
sidered; hence, any results obtained must be interpreted with 
this in mind. The greatest rate of nitrification noted by Warington, 
when working with an ordinary arable soil from the Rothamsted 
farm, yielded 0.5S8 parts of nitrogen per million of air-dried soil 
a day. Similar soil supplied with ammonium chlorid nitrified 
about 0.924 parts per million in the same time. 

Lawes and Gilbert, working with the far richer Manitoba soils 
and with a higher temperature, obtained in two cases (soils from 
Selkirk and Winnipeg) average daily rates of nitrification of 0.7 
parts of nitrogen per million during three hundred and thirty-five 
days, the rates during the early portion of this period being as liigh 
as 1.03, 1.24, 1.36 and 1.72 per million. 

Deherain, working with a soil containing 0.16 per cent, of nitro¬ 
gen, obtained daily rates of nitrification varying from 0.71 to 1.09 
per million in ninety days. Working with a richly manured soil 
containing 0.261 per cent, of nitrogen, he obtained a maximum 
daily rate of nitrification during forty days of 1.4S of nitrogen 
per million of soil 

At times the difference in nitrification noted in different soils 
may be due to a difference in physiological efficiency of the nitrify¬ 
ing ferment, as Marcille compared the nitrifying powers of tliree 
different soils and found that the poorest yielded an organism 
nitrifying less rapidly than the others. Some soils nitrify ammonia 
more readily^ while others nitrify cotton-seed meal more rapidly. 
This must be due to differences in the metabolism of the organism 
found in the various soils. 

Hutchinson considers this variation at times due to toxins which 
develop under anaerobic conditions produced by water saturation. 
Subsequent aeration removes the toxic condition and the formation 
of nitrates takes place. He also found copper had a decided 
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infliifMKM' in ncut nili/.in^ tin* tnxir ufinr nh 

iii<'lu(lin^ (Irniic-Sinith nnd I>oftninlr\, clnitii lin*.** iMiinti uiiihli* 
t)acf(‘ri;i. toxins in soil. Itu--rll and I Iiih’hino.n, on i hr . a In r hand. 
ohtaiiHMl wholly nr^ativr rroilt- and roia’ludrd fhaf ohihlr 
l>artnrio"loxins an* riot rionnal r<fii fitnnnf • o! f<i! , Itiii iinr i 
rcpr’nsnnt nnnsual conditions uhcrc\fa* fhc\ ornir. Ihrf, a poinfrd 

out, hy Huss(‘ll fh<* possibility of the c\i tenor of toxin »dtible in 
water* still r*ernains. 

Loss of Nitrates, d'he lo s of nitric niii’OLaai Iraan a oil may hr 
(•ither* ^’r'cat or* small, depentiin;^ rifH»ri certain taefta’ , tla* inorr 
irn]>ortaiit of whir'll are as follow s 

!. ddir* r’apiflity of niti’ifieatimi. Niti’ie nitrajireii may ht* pr'r»” 
dur'crl in soiia* soils r.o r*apirily that r'Vrai luxuriant \«'ia*!a!imi nil! 
not r*c*mo\a* it as fa:4 a^ foi’rm*d. wla'i'ean in amulaa* fal it may lie 
formrsl so slowly' that it uill not >tifticc h>r e^a-n imstijer urouih. 
'ria* loss in tin* first r'a-r' may he verw lai’^e, while that of I lie r-oond 
w'oultl he ra'ar'ly /,ei'o. 

2. d'lir* natui’r* of the soil. A titrlit stal. other tliiru: Ireiiiu epiiah 
Wouhl rr'fain tin' nitrae nitrogen to a LU'eatr-r extrul tlian would 
a Irjrxsr* porous .soil, ami a deep srul than a . hallow oil. 

2. dire amrmnt ami distribution rrf rainfall. All oflirr <’f>iirii- 
tions h(*int.C ecpial, thirty ineln''^ of priaipifafion thriMiirhou! tla* 
y(‘ar wrarhl launoxa' inm’r' nitrir* iiitne^cn from the «?il than would 
fiftc(*n iurda's similarly rlistrihnted, Bui if tlu’ lifleen inehi'. r'aria* 
within a short |H‘riotl, while the thirfy wa« rli trihufed tfintuah- 
ortt thr* yr’ar, the iiftccir iuclu’^- of rainfall uuiler flic e conriilion ; 
imiy remove rraua' uifr’ie nifrr^^a‘n from lla* '-*41 than would tia* 
tlurivx 

4. ddie rajadity- with whir-Ii tin* nifrie nitroi^mi i-"- remo\r'd hy^ 
tin* ^nnvin |4 crop. Alfalfa, rtaf. arai wheat an* laeaxy feeder-^ ii|Hm 
nitric* nitrrjKcn and in ino.U soil- renro^-e if as fan! a-> formed. IItnee. 
little is h‘ft tii la* wasiaal mit. by tlie drainai^ts .Mon*over, crops 
suclr as tljesf* rapidly rf*naA'’e tla* wafer frmu the ,:.oil and laMice 
diminish the drainage from srteli soil*-., ^^Irareovcr, erops growing 
during the rainy* seasfui tend t«r eorrHiTve tlie iiitrir’ nitrogen where 
faJIcnv staLs rapidly lone nitric nitrogen dtiring iJiis periraL 

5. Tlax rapirlity* with whh-h nitric* nitrogen is traii'doriiicfi info 
protein nitrogen by .soil iniercWirganiHiiiH. If h now known fliaf 
there are within the sial many* nnc'roorganisiiis wliieh traiisforiii 
nitric nitrogen into protein nitrogen, and the sfaaai wit It whieli 
this change occurs may at tiiiies tieeona* imporliint; work at tlie 
Uteh KK}>eriinent Station indicates that thi.s may at times reiteh 
twenty or thirty pounds iK*r iicri* yeitrly, 

Th(j factors nmst always he kei>t in mind in an atfeni|U. to reach 
general conclusions from any sj>eciiil cii.H<*s, yt:»t it, is iriHtrticlivi* to 
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It lid. (iMi it.'t <•, nrilv full.rn lliitl nil nf tlf nitric iiitrup'ii 
whi.li i cunicl I" a .icptli nf -iAi> >' I'’ ' f 

l.laiit, ).,!• ill a! the t tali FAiicriiiiciit >tatt<.ii the author and 

.•(.ttorla r have f.-uiMl in the iprsiiK n uitnife licit as low a i the 
...,,,,th and ei,hth loof eetion. Tile-e nitrate, had heen earned 
to till depilt hv the winter and water. It w^as noted that 

liner in Hie ea.on a* the water wa, hrou^d.t to the .urtaee h> 
eai illarit' the niirafi'. al o returned, and hy . utie .Inly or .\ut:u4 
deix ndiiu.' iiiH.il the crop urown upon the hoi! and the quantity ot 
irriitation water applied, the nitrate helt which in the spring' wa'. 
i„ the cent!, and eiuhih foot-se,-fion had ren<-hed the .HUrtaee 
f„o1- .e< lion. .MoreoAcr. the deejerooted plants ol tlie and region.. 
prol.af.Iy feed from lower depths than do the shallow-rooted plant'.. 

of the humid rej^ions. ... , i. ■ ,t , 

'I’he praeiieul eoiirltisioti to he reached from the.se result-, is that 
,l,e method of red.mim? the loss hy hwhiuK i.s hy t-rowuig plaitfs, 
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ili(* roots of whir'll m;iy ah. rn*l» tln' plant-tooi! a r;i|M«ll; ;i H i inajii’ 
a\‘ailahh'. 

I'lic lo>;-. «»1 nilrir’ nitro^rai from irriLsn«'«! oil ma; h* pr*- rnfi ^l 
h\‘ tlio jinlioion-^ liH* of irriiratioii uahT. I’hsprrimt iii .if fhr I fah 
Stat ion or )\ t’rini^ a {M'riorl rtf fmirtoon u-ar ha'^ «inijon irafr»i flait 
lli(‘ ap{>rn*ation of llffr*<m or twrnt\ in«-ho of nriisrHon viator, 
(listrihiilorl (hroii^hotif llu* S4\'t ran ta dra-p <(il r an »• lifih , if aa , 
loss of nitrir* nitrt>^on from -uah a niL u laTra appln .itio|} «,! ifoin 
tcnt \'~fi\r to (hirty-Mncfi inalu-- amilari> «li trihutiMl r.iii * . ,,0 id- 

oral dr* (liminnf ir »n in tin* croj^ \ ir-lrl. d’hi tlr-oroa r in oi^p irhl (jm 
to r*xr*r*ssiv<‘(juantifi<*^. ot uatrT. up until thf r»il hor oinr safor. 
lo,U’^:<*rh is laryu'ly <lm* to fh«* rapir! wadiini^ of flfo nitri** nifroafij 
Ix'yonrl fill* IVr'tlini!: an*a <rf tin* plant mof . 
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CHAPTER XXIL 


DENITRIFICATION. 

It has been known for a long time that under conditions which 
were not fully understood, there may and often does result a loss 
of soil nitrogen. Most of this is due to the loss of nitrates in the 
drainage water, but occasionally there are losses which cannot thus 
be accounted for. This has been attributed to various causes, 
namely: (1) the liberation of elementary nitrogen in the process 
of decay as the complex protein is broken down into simple products, 
(2) the reduction of nitrates or nitrites with the production of 
ammonia or elementary nitrogen, (3) the transforming of nitrates 
and ammonia into complex proteins through the action of micro¬ 
organisms. 

Often the losses from all of these processes have been grouped 
together and considered as denitrification. This vague usage of the 
term has led to considerable confusion and often erroneous con¬ 
clusions. But the term denitrification in its proper and more 
limited sense refers only to the complete reduction of nitrates with 
the evolution of elementary nitrogen. It is, however, often applied 
in a broader sense to include all deoxidation processes whereby 
nitrates are partly or wholly reduced. But, as 'pointed out by Lip- 
man, for practical agriculture the differences are of some moment. 
The partial reduction of nitrates to nitrites or to ammonia does not 
necessarily involve a loss of soil nitrogen, whereas the complete 
reduction of nitrates, wherever it occurs, must of necessity involve 
such losses. Hence, there is some justification for referring to the 
partial reduction of nitrates as denitrification. But it is not justifi¬ 
able to classify under the head of denitrification all bacterial activi¬ 
ties in the soil wRich lead to the disappearance of nitrates or even 
to the diminution in the total store of soil nitrogen. For it has been 
repeatedly demonstrated that the nitrates may completely disappear 
without involving any loss of nitrogen. 

Early Theories.—We have seen that the early investigators 
attempted to explain nitrification by purely chemical theories. 
This was also true with denitrification. Kuhlman, as early as 1846, 
expressed the belief that nitric nitrogen may be reduced in the soil 
to ammonia by the fermentation of organic substances. This same 
idea was brought out twenty-one years later by both Froehde and 
Angus Smith, and it also appears prominently in the writings of 
Johnson in 1870, and Davy called attention to the fact that gaseous 
nitrogen was set free from decomposing organic matter in the soil 
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The splitting-off of free nitrogen, theoretically, could be due to the 
reduction of nitrates or the action of nitrous acid on ammonia or 
amins: 


2HN03 

= 

2H20 

+ 202 

+ 

N2 

NH3 

+ 

HN02 

= N2 

+ 

2H20 

CH3NH2 

+ 

HN02 

= N2 

-f 

CH30H + H20 


Lawes, Gilbert, and Pugh showed that losses of nitrogen often 
take place when nitrogenous organic matter was made into an 
"'agglutinated condition’' with water and allowed to decompose in 
the presence of air. Practically no ammonia could be detected. 
Three possible reactions were suggested by Lawes and Gilbert: (1) 
an oxidation analogous to that of the action of chlorin on ammonia 
by which free nitrogen is evolved; (2) a reduction similar to that of a 
great number of substances upon the oxygen compounds of nitrogen, 
by which the oxygen is appropriated and the nitrogen set free; (3) 
the two actions may operate in succession, the one to the other. 

Organisms Concerned.—Gayon and Depetit, however, were the 
first to announce that the nitrogen originated from the nitrates. 
They found that the ferments which possess this power need organic 
matter for their development and that part of the organic nitrogen 
is transformed into ammonia and perhaps also into amido-deriva- 
tives of organic substance. 

In 1886 they isolated two organisms—P. denitrificans, a and ^ 
—capable of reducing nitrates with the evolution of gaseous nitrogen. 
They also encountered a number of bacteria that could reduce 
nitrates to nitrites, and since that time the denitrifiers have been 
found very wddely distributed. 

The discovery by Breal that many substances of organic origin, 
and especially straw, are the carriers of denitrifying organisms was 
of far-reaching importance. These organisms are, therefore, carried 
with the litter to the manure and later with the manure to the soil. 
It was found by Kunnemann that horse manure as a rule contains 
denitrifying organisms and these are usually of two species, one of 
them also being found on straw. The organism found only in 
manure reduces nitrates in symbiosis with B, coli and is B. denitrifi¬ 
cans I of Burri and Stutzer; the organism occurring in both manure 
and straw is the B, denitrificans II of the same authors. The denitri¬ 
fying organisms are less frequently present in cultivated soil and 
are usually a different kind. Yet they are abundant in the upper 
layers of the soil. Bazarewski found them irregularly distributed 
in the deeper layers of the soil, but frequently they occurred abun¬ 
dantly at a depth of one meter. They have also been found to a 
great depth in the Nebraska soils. Putnam examined 201 species 
and 139 were found to reduce nitrates to nitrites, while the other 
species did not effect this reduction. Burri and Stutzer called atten¬ 
tion to the fact that while there are many bacteria which will reduce 
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In intni* . »’ nf rnliirim.^ iiitiMtc t<» ;nii!iionin 

ni' t-ffui,.: .in* hmI mti niiiurrmi Sr\rrin iauhihMl 

■ » (jnVj.r, ||! !ii li’Miti liur *' iii.'iiuin* :in<l tn<li«‘d 

)|’ |(j- uwuihrv rib'll* iH-r-if' Urr«‘ (»f r( >inj >l(*l (‘ nMln<‘t iolM >1 

i.i.'d f hr liilraf** i'lHM'iiif nifinu 1m* iint Ion Nint* 

*1 flir n! h* r 1 r; ;r iM'i'r iih}*' t<» iiitnt** . 

4 th*- »h'liitril’Min! nrL^'l^li 4n ; in 'nil*. ;in«l 

ui!(j ! ivM |»rinrin;j| ?,n'«ni|r.. '1 Ik* fir.;t l^rotip contains 

i 1 ,‘:i r 'J i U i-'fihi, I ^ f> Jt i I i'flltjuns, /h ZCfiLl'I’l, /> • I'd tW iS H,\ 

hfr^c jr . //. r//r,oh.’, //. fi!‘fldflhrllKti, H. .’Uihf 111 .S', ami />. 

'.-r, Kjid t >t Ikt .. I'hr clja ra c( cpi ic oi’ tlicsc or^caniaiia i., 
fh;f! ihr'. fr.liirr iiifrafc I** anuiiurha uitlinut tla* forination nl 
,.|riiiriifai; luirM:’* n. 1'hc ccnn‘i ^nKif» contain Iiarllrlu, 

IL l/s’ -O'.'■■■■> .r,' /r:. //. /»// irjfdNi Hill, />. diiihu'n, H .JllljiK'Ullll. 

It. It.r, itrffifijill, It. d* inh'iJinnis, II. mli rmiuiniuiH. 

it. aiMi other . 11ic-aM,rpini aic^ a '■ a rnh* n^lma* 

iiiipafr^ !n c|fiifciftary nitrogen. ^ 

IS,.,.,. l.aurciit , (• ,lll•l■islIlv tliii-r uf I)n<-l:ni\. n-ililcc 

iiiir.t''' al J't r. I'liiirilluiii itlniii'iim. mnr ir riin ni'inii-'i. anil siliiilai 

iir;.'aiii Hi al h li;n'• a n imw'fr. ^ 

Ii i , ihrMliin-. tnn- dial ulicrra.. arlivr niimssen li\atmn i:'. a 

fi.’i... '■ >•<11.,' "nl,-. a lintir.-ii niuntuTol'niiiTu.'.iTani in 

it,,. ,,j,|i<, if,. .Iciiiirifii'aii'Ui aiijM'ar' III In- a chararli-ri '.lif I'n.'- 
.I-,! in niair. w ili iiniiar nivani an .. ^ , , 

lUittCtion of'th« 'I'lf ilnuilnlyini; ..Iranian, am .nni ar 

1 ,, ih,. nitr„,-.-n4i%i!r^ i.ru'ani in ■ in dial dn-y n-iinim i' '1'^'".'^ 
„„..i!nni in ui.irli u, rnn.-li..n. \ mi <’ar..n .•mi .nlrr tlial 
idi a lU'ar . (.itn-niratimi nf ninri' tiiati I m' 'J l"'i- rcni., a licinva- 
,.f,i,-nitnfiiadmi..r.-nr., 'I'lii l.r-l.alil.v iiilnc tu llir Inrinatii.n 
,,f tall- aii.lH In da- l.iilyri.' ai'i.l f.Tincnts ol tla- ml.^ \vli'-n il 
(ir ! Ill-anil- kiimu! dial limiitritii’alimi may take [;laee in inannre 
tieai. lid' i.i-ai tiei iM-eaine {ifevaleHl In mill III die niaiiiire Hiiliiluine 
,i,.n;frifiead..n. It «a , fmiml that :,ulr.l.nne aenl is 
eMreniel-. a- five in j.reveiitini;'ienilrifiealtmi uinl d.li ijereenl. in 
die eulfiiral nteiiiiim «a , .uifieient In i.revent the .levelupinent nl 

die ilenitrif.*. iin.'nrs'ani'-m.H. i , 

Atniinla and (iarim. fnund that the uddilimi nt gTmni.l l.eat 
hnwini: an m iiiil.v nf (i.sr, per rent, eheeked the aetiMt> nt l a 
lienitrif- im; unjani nH a. well ih that nf nther ieriiient i. 1 in 

iiraanimia hnw.-.er, were tint, killed and enmninneeii their aetmly 
auain a mm, a da- aridity win neiitrnh/.ed. Hie ami <-ni,(ht me. 
are fav.iral.le tn dm neutrali/.atim, nf the arid nl the peat , and thti i 
dm rentraininK ntfeet nf dm latter nt. the denitrify .n« orKanianiH m 
nullified. Mnrenver. nil aeid ennditimi whmh wniih restiani deiii- 
irifien in anil retards tlm nther l.enefieial hueteria and higher (ilant 
Ifenee. while aeids mav la- uaed nt time.H with Home simeess nn 
inaimre:,. it i.s net la-eeiaary tmr pnieticul tn add it tn snilM. 
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All alk.'ilint* n*a‘’ti<»Fi i al iaifiii* al Im iht- aia! 

acih'ity of (l(‘nilrii’yiii,ti: or^’^aiii. ni . a^ \'<a rafl> li'*u!i h 
l>ut. ilir appiifation of yurh laruo ({uaniifi*’ n| ran nr linir fu nil 
as lu; ftMiiHi iH‘r<v>,-an rlt»*ok {kadnafioan*at irni! fr '’iaif'i! miii 
tlio nitro^oiions oraauio rjiaffor. a ha horn aatpl; <lo!ssnn nanr,] 
Ity tho work iii INam y haiiia. 

Food Requirements, 'kho hioti roquirontf itf oi iho doitif filirf 
are fjiiito similar tr» th«>so tjf othor oi! nraani m . 1 ho; . an. a* rMnl . 
iny^ to IMrhards and Kolfo, . nv\\\r in pinvl;/ minor.il iia dia. hm in 
suoli niodia tin* rodiiotinii of nilrato^ tala' plaor rr , h‘\»d;, an*! 

inooinplotoly. Jfai>.on found a <'ortaiu rolatiMh hip f.t is.mi ihr- 
nitrato d<* tro\t‘d and tho oarhon «’oinponnd ii t'«i. \«. donifnfino, 

t.ion fakos plaoo w itItoiif a aiuroo of oarhon. dlio opiioaiai rolainni 
holAvotai tho oarhon and tin* nitrato n od wa found h ’ «»n t aron 
to ho for two i trony donitritior' IF //.- and />'. da ro fv/,,v 

li(pnJ)in'nL\\ i\ 1 ftor oont. do\tro:-,o t(j l.ttporooni. |■»ota iufti nifraf'*'. 

Ihaluotion of tJio nitrato .aippl;o far holow that of rafl.on uroaf!;. 

rcducos fho infon-^dt\' of I ho proon.-.,, horfijr»ro, tlif* d*- 

F(‘rmonta,tion of nitrato , (lopmd . to a irroai o^foni on ihr oharaof^-r 
of tlio oryafiio snh.;tanr'r. in tho niitrifivo niodinni, omi' hoinu 
iiiiH'h hrdlor adapfod than othor, to furni It fho nooo ar; ofirr:;,'; 
for t.lio hroakin^ dow li of tho nitrato,-.. Midda'a oI;,f,im that ino i 
of tlio donitrifyirty l>aoforia oaii o n<» ri'diioiion of niirafo in itji'dia. 
wiionM^ioinioally ptiro«I. hwulo rand d. aalaofM f aro par out, \**r 
is donitrifioation fa\‘on.‘d hy irlnoo-a' itt nntritivo ■-olnfion- . 

hut is proniotod hy tlu' f»ro'-.onf'o of --.alt ■■ ot oryanio arid . liko 
.simn htotato, or sodium oitrato. Tho ro,'o;oM h.r thi •' i fhal ;,di|o.rf' 

is not. as stiitahlf* for furni-diinL" tho molofiihir oiionf;. rofpiirod for 
th(‘ hroakittir down of fho nitrato-,, nn' tho ^a!f of «irpanio arid'. 
Stut.znr triofl four dilforont oryani''ttt * and found tliai fho;. po o r«i 
power of donitrifioation in a ditlVrorit iloaroo. Tkioir aoiioji on 
the (lifl’oroni moat o\tra(*ts on tho markof r. aloi I'ariahio. /,/. 
hartkhii wans tlio only or^^anism fi'-aoti hy liim whioii ootihi do fro; 
nitrates in a modinin oontaininrr Liohiyks hoi'f o\fraof. Ifo '-iiopr .irrl 
tha.t this pfionoiiioiion tnay ho duo oitlior to a diiioronoo in ohomit a! 
(aiiiHtitution of tho <'onipounds or a dil}Vronof« in ionizafion, llio 
knowdedge wo now poH,sos.s oonofuaiiny fla* :-|H'oifif’ifof oir/uno 
would load us to holiovo th<* fonnf*r to la* tiio triio o\p!aiia.iioii. 

(,’cTtain of tho inont wididy fliafrihntod c‘arhoh>firatt-- in oa! ajid 
in,anures, as ftir eKamf)h‘ \\'!oHt* and arahinoso, aro hipI, o'-pM'iia!!} 
good nutrionlH h>r ikaiitrifyiny^ liaoforia, lu'oordim: to Siokfa >a and 
Vitek, ddio <{uantifativo rolation-hip# whioh ihto found to omir i , 
widely difrenait witli tho various oarhoij;sdrafo.-.. Of t!io laioforia 
W'hioli rodlioo nitratiss to uitrilosanti liiiaiip fti aminonia. IF api/oon/ra 
rediioecl 20.h!.t per f’ont. of tho nifrali^ nifrogmi proviijt to- .aiiiffioiiia 
in tlie proHonoo of gluoos<j l.tt por oont. in tho pri-oiioo* of ii'S-iiiofop 
1J2 per cent in the presence of galac|c#s<n and l.!il por f*o.iiL in the 
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presence' of arabinose; B, mibtilis, 2.41 in the presence of glucose, 
6.55 per cent, in the presence of levulose, and 6.22 per cent, in the 
presence of galactose; Clostridmm gelaiinosin, 45.55 per cent, in the 
presence of arabinose, and 9.68 per cent in the presence of xylose; 
and B. jj^'odigiosuSj 2.58 per cent, in the presence of xylose. The 
recaction was in all cases relatively slow and was not alike for all the 
sugars. 

Of the organisms which reduced nitrates to free nitrogen, B; 
hartlebii set free 93.97 per cent, of the nitric nitrogen in the presence 
of glucose, 87.59 per cent, in the presence of levulose, 84.66 per cent, 
in the presence of galactose, 66.38 per cent, in the presence of arab¬ 
inose, 83.38 per cent, in the presence of xylose, 84.48 per cent, 
in the presence of sucrose, and 77.15 per cent, in the presence of 
lactose; B, centrogpunctatum, 5.17 percent, in the|)resence of glucose. 
E, fliirovoruM, 5.17 per cent, in the presence of levulose; B. coli 
commmis, 5.34 per cent, in the presence of galactose; and Bad, 
fluorescem liquefaciens, 7.08 per cent, in the presence of arabinose. 
The reaction was as a rule very intense both with the sugars and 
with the salts of organic acids, especially of lactic acid, and was 
accomplished by a gradual breaking up into carbon dioxid and 
hydrogen or into carbon dioxid and water. The hydrogen produced 
w^as thought to play a very important reducing role. 

Xylan and araban, the most abundant and widely distributed 
carbohydrate materials in soils and manures, yields on hydrolysis 
xylose and arabinose which are very poor sources or carbon and 
energy for denitrifying organisms. However, Stoldasa and Yitek 
found that the typical denitrifying organism, BJiarflehii, assimilated 
33.6 per cent, of the total nitrate nitrogen in a nutritive solution 
containing arabinose and converted it into protein compounds. 

Sodium citrate, sodium acetate or glycerin added to a soil greatly 
increase denitrification, and It is generally considered that the addi¬ 
tion of starch, straw, rape cake, compost, etc., to a soil favors deni¬ 
trification, whereas well-rotted manures, rape cake, and composts 
are much less apt to have this effect. 

Metabolism of Denitiifying Organisms.—Deherain found that 
reduction w^as more rapid in closed flasks than in the open air, the 
nitrogen escaping mainly in the form of protoxid. From this lie 
argued that the organisms, being deprived of the necessary oxygen 
of the air, were forced to appropriate that contained in the nitrates 
and thus accomplish their reduction, but we now know’- that the 
denitrifi.ers do not necessarily require anaerobic conditions for deni¬ 
trification, but do require a readily oxidizahle carbohydrate. More¬ 
over, as pointed out by Stoklasa, there are tw’-o classes of denitrifiers 
-“one which reduces nitrates to elementary' nitrogen, the other 
which reduces it only to ammonia. Probably in both groups of 
organisms the first steps in the process are the same. The carbo¬ 
hydrates are broken down under the influence of the microorganism 
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info larfH* :ilcnhui, ;in<l farhiHi <hn\it!. 1 h*- nifr.itr' i r* diiffil 

to nitron 1 and thi-i ill turn i- rr in-r i aiinuonia nr 

;ir\' iiit rnLC<‘n. dlii* u\yp‘n .'-o uhtaiuf'd i ■ utili/oil fty fhr fuai’* 

isin -; i'or tlio furthn* (vitiation of fh** farl»o!i>tlrafo . an ! if i in fiti 

inannnr tlial tlio ori^ani nt jduain^ it^; m |ui ifo . 

Sfoklasa and llial niirou a«'id i ;da,! iltr iiilor- 

rnodiato }>roduct in tin* roduofifut fd nitrafr . din; omu id* r iliaf 
carbon dioxid and hy<lrop*n an* produced I'nan flic (-arboliNdratf' , 
or oryninio acid, of tlic cultural nt * lia and lii«’ na ’ciif li;. droL!cn 
(‘(unbinis with tla‘ oxygen of tin* nitrate, tn form and ?hn . 

reduces the latter in nitritf^s. < Jayon and ! nit foriinila: 

aivjpo*. ^ l'IK\o. :nKHe«»,s 'U: . isli.u I 

d'he prtHM‘S;n is probabl\ due tn cu/.une ■. k'n-d ua- a.blc indruMfn^ 
..frate the ju'odiietiiuj of both o\ida »• and |«rM'ud;cc !>;, IL 
I Inline eon dtdered that reduditin iHa; ifc dreiilcd into 
two parts: the* bacterial rednciion and flic on,’;, fuauic reduciiMji. 
I [o\ve\'er, we are h‘d to doubt wheftier eil her i" due to a t rue eii;yviie\ 
for the en/>> lucs which ha^'c been obtained in impure t'ornc''^ aj’e not 
alfectcMl b\ beat and the redneinu ub .fair*e are not fiecilir. a- i 
the ease with nueU en/une-’^, for tlie\ redin-e clilorate. Im cbloidd'.., 
anaaiates to arsenite-., and ferric\anid fo fensic;,.mid ■ in liie ■■siine 
manner as nitrates are reducetl to nitrite . 

Miiience of Water. Man> of ila* remit-.: oluaJned on deiiiirifiea« 
tion wen‘ with the n amf lii|nid'-, and it i '. uow known fhat d«‘fiilnfira» 
lion in soils proL't’c'-.a-*> diflVrenlly froiii that in liffuid-. de-pendiiwf 
upon the nature of the bacteria and the pb;-. -iral eondifion. ot ilie 
medium in whieh tbey^ are situated. In lipnid'- and ^cry wei oiil'.* 
from wliieb oxyireti i.- e\eluded. the luM’tiu'ia take tbiif from 

tlie nitra.,tes present in tlie soil and tliU'. libmMlt^ iutroa«ii, bn! in 
well aenite<l soils this d<M‘s not tiecur, a-- the baeferia emi if-i* f!i<» 
ox> i^en ol f lie air. 

The a.u,t!mr faih^d t{» tirtd aii>- e\ ideiic** of dmiitrilieatiim in a idndd\ 
ealean*(»u.s soil to whieh had bf*<m added from if fe» ifd toio. per ar-n^ 
of manure and from lU.o to 22.o |ht eent. of mol4i:na% a-- may be 
seen from the following: 
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Mdic! reHults may vary with flitl'erent nuIs, luii Lemineniiiinn found 
tluit in thn*e greatly dissimilar hoiIh if, was grealf*st when tlie soil 
wnuH Hatunit.ed. 

Tfierefony when tlie irifustiin* exee«,*d.H eisriain lifriitsn, it, iria>- 
^ Til© aoii eoiitmaiiiK i^r tmii. ef water wah taken m lim |ier r!eiit. 
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pi'Miii.-i, ,ii iiitrlfi. wfi-.ii. \ ;ir'Kitinii- in !li<- iii'ii Imv 

, !„,«.■ . r, h.r -■ iulhi<-tH'r up-.ii tli.- |.rnr.- , .. 

Twratuf. Kni.:.r i.i.T that tl..' I'a.-tur . ha-l. rsvr h-' 
.;iTat.' ! infill. !.. .' up..!, .l.-nitrlli.-atinii an- t.-n.p<-ralnn- 
iii. ' liaiii. al I .-li.iiti.iii "t ill'' iiiali-rial sv liicli lui'iii-In-■ lln' 

,i„, , Ti.. ..r.-ani .nn. luu.-ti..n 1..-.t at a l.-inp.-ratnn- 

«l,i, 1. i l.i'jli . ii-.irJt 1" nitnli'-'fi""- 1 h.-> n*'' 

. n.-n'. 'i. al!' at a t.-uijH-raiiin-<.t'lu (iii ptin-.•ultiin-Iml Hi''"' ' ■ 
, 1,1,' .'ll I’.a/ar.'v^ ki ■ llmt in niiM-<l .-ullnn-i_tli''> 
linit h*i!« r ;it ;f Inv « f' ii'iHprrattin-. 1 tartnr . iunk<‘ it pn> ».t » « 
that !a!...n.!i.r f' n!t "H .i.-iiitrifi.'ati..n an- liip'li a-. <-..nipan-.l uilli 
...la-n- all ..f thr nlla-r .-..niiiti.-n:._an- nptn.nun. 

’I h.- li. iiiiril;. ilia i.a. t. ria an- nn.n- rc-ritiint to 1i_k1iI ami .u.miik 
than ar.' ili'- uiirit' in's' '.i' nitr..^i-n-ii\ini; (ir^aiii ni .. • inpi. a 

,,, I,a-.. .'tV.'.-t np..n !«.. <l<-nitnli.-r.. i -"li'*'-'! 

!,i,u n. ,l,u,inunnn^ \ . ami //• <l> nitrljlmns \ I. In pun- -li.li .''I 
xvat.T thr ..nrani tn «.t.- .-apahi.- ..f -nrMMnp' l..r s.-v<-n nmnllm. 
wia n .irir.i, /»'. .Uultnhrnm \ .li'-.l wiftmi "r.-k:. ami />• 

.l.iiitrirntM \ I Ha a!i\.- ami a.-ti\(- al tin- <-ml nf liv<' nn.iilk . 


LoaiMiti of Nitratf-it from Manure and Soil. 


'1 la- fimiin;.', nl’ tim <l''ni' 


iritulir ifrau aio! in niaiiurr, tn^ntlirr with thr 

ii .h'rm-nt ..!' t!,.- fa-t liiat .-an nii.l.-r appn.pnaP- cnmlitimn. 

,I,„itra!.'. Hill, tim n\<.lnti..H uf pma-nn. mln.^.-u l.'.l 

Warm .'in 1 MC. f..-•mj.l.ati. alK .i.-.-lan-that tin-app n-atn.n-.1 <■..« 
ur !...r inannn'- n- a ..il i' "fK'n it"* “nl.v nnpn.filal.l.- l.nt haiin nl, 
that vvla n appli. .i n.p tlnT Hilh nilratm tla-\ '■airm. l..v v irtue nl lie 
,ni. rm.n;ani n. . ..niuine.l in fi.ein. the .le tnielinn ..I the nitrate .. 
Mere than lliat. tia- l.aneftil el!V<-t . .in m.i .tnj. lien- tm- tin- iiili.it.--. 
a- til.''- are m-a.lnailv ferim-.i I’min tlie ..rKann- inatf.-rnl tin- .ml an¬ 
al a’ltaeia.i t.v ila- .i.-niirif>inp' ha.-leria ami th.-ir nitrnp-n :.<-t 
free, in n-alii.'.. fiieii. tia- anitiial iitaniin-- api^n-.i an- m.t nnl> 

11 .-le ; ill tiiein rive . i.Ht are harinliii i.e<-aii-(- ni tlicir il.-.1 rm-livi- 

eil'e. l ..n llie nvi'ii/e.i jiilmyeiuleriv(->1 i'rnin nt Ikt <airi-e . 

'I’he .- . ..neiil i..n were .-rili.-izeti !>> WaritiKlmt ulm pninlct mit 
liiu! tia-v were l.;e.-.l mi .-xiH-riinenfH in vvhi.-li tin-.in-s .in};:- "I 'tnuK 
were eiinrim.ii ami tiie aiiiie wmil.i n.il nfmtr iimler nnlinarv priu- 

tiee. 'fhe m-M veara mrinirn alteinj.t was nia.h- 1 .. H<.iv<-tii<-prnli m 

Wliei, jlieCerinan Ap-ieiilitiral Assneiati.iii eall.-.l inra niiit.-.l .-ilm-t 
nn tlie i-art nf tia- < ieriimi. eM.eririM-nl .stati.itm, nth-ring In phn e tin- 
i,ee,-s .ai-v iiM-aii a! lli.-ir .iispnHal, th<- Kxperiiiient .MaM.m.s nl Aiig-.- 
l.urg. Iiari.i.lmil, .h-na. H.ntm-k. ihinn. ami (..■.tlmg.-n . .. 

Tlie qm--linns In tie aiiswere.1 were u.H fnilnw.s: . ,, , 

1. ih.w are lin- great in.HseHof nitrogen tiiiit take jilnee in tlie.l.-eav 
nf nrgaiii.- .nl.-.lam es tn lie esi)laine<i? Hnw imieli nf the inlrngeii 
i, lila-rnte.l in tlie ei.-mentary staf.- ami Imw iiiiieli as aniinnnia. 

2. What nteaies .in we pn-ssesK nf elieekiag tlies.- l.esses, an.l Imw 
(ineii the siifistanee tiiiis emi>lny»ai aetf 
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1 li«* pilMi-I hmI i-f'iMiri nt flir - .triMii i.itiMM .fi'r MhjMi’-iM’i ai|t| 
Hfily (hr Imu ft n-hrsl * .m Im *»ri '\>h-rr 1 ii«r, ’111,--, 

\vrr(‘ a fulluu ; 

1 • I hr hr r t>| annitMiij;? 1 1*1 tin uiaFiurr in'*' *•*aii|rira f i ■ ^1 1 , 
!)Ul 1 hr 'rffimj h*‘-r n| rh nirfifitr; F{!fr*r.:rn ttliii-h j , ,{||, lu ina ?'«j- 
orirai!!nn iiiid not <'h<ni{ir;il uFfa*jii raa; hrrtni i«h i'.ilijr 

L'. \\ it[i a lifiiilrd up|.‘l\ nf air in ntanur*'. Iisr lu mI » Irffirni.n- 
iiilrn^F'ii au«l rf ni*i*iinir .-nh fan nut r-,fiai i', r. In? f Ir-.'.n-r 

th<* arrr-^ ff|‘ ail* th«* I'H'afrr tla* h* **!' nitri.nrn. in Min* 
fjrnniiiii !‘4 a . Lrrral a In nr hit |*rr rmf, 

rn 111 nnltuary rnn-ri*',afIm in.'ifrriid ■ ap|*hrd in fi^* n iiaJ 

F{iianf if IF*.rjnt JniMaif in*!; rla* h* nf nil r»*n‘*n,, !»uf Irirf;? |unr 
i-. F|iiitF’ ^•Hrrli \ r in ■ (*tp|Hn;i «iF*nif rifirati«*n. ‘-m♦ laI r\rrrf,i an*i f 

hra* iIm’II* iiitrnyrii nan aiai iin F-fianrf'’, .niMn inaJ«-ria.! 

If i-,,nnl;^ tlamilr«>n»‘n nf iiriijF'u iiirlt rrr|fiiri-■ I■*,ii <i'‘atinu, 
It i-. ■FifjMiiifiF' h.iiriii ihaf f hr aihhtinn <♦!' larn* *|3iaiif u,ir ■ nf 
FFrijanir inattrr tf» a ' fm! ran r a ilrrmi-r m ri’n|! *. i»’hi. dlii !■ 
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hrrn inf«*rprr!r(! a'. indiratinL" rafFiii Fhaiif rifiraiinin !»nf Pfrillrr 
and laaninrnnann ha\<* «*nt fha.f lla-rF’ an* ;i,f h-a'! ihrr'r 

h'n’Inr.N whif‘h may pla\ a yarl. n.am**!y; | ■ dirF*rf injnr;* !*» t!i*^ 

ifiy" {daiit-. h\ lar^F- qnantiri»-. <»! nrifiuiir nnaftrr, J ti^atinii 
nF :.nhih!r intrF»|,n-n liy fhr inrrra-rd arfiviiy nf fliflr-ffnii aii'; 

n'd <lrnilrifiratinn |>rn|a’r. 

It is prnhalih* that ihf* la ■:! nf fh** Ira J iHipMriaii’T. fnr 

\cKaiHaM. and Lijnnan a.ftf*r fF-n \rard inv'FM.,fi;rifiMii-: iindt*r 
tiill\ nFmfrFFlIrd r-nndif{«Fn'rtaiF-imlr'* that af ha’i wiihr«n\ 
n^rd at the* ratr fjF d\li'rii inn iirr annniii fnr a |w’riF*d t*! Itni ■, 
n<F dr-4rn»'Iinn nf n!trF»)j:rn taia*'- |4anr. In nt ihi' Inny diiratimi 
n! thi' r\|N*rinif‘nf aial «*t fhr »"»»ni|Farati^ r|;. lara.:i* ainnniii »i|' 
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Russell, commenting ui>on the results, states: "'The experiment 
is not fine enough to justify any discussion of tlie missing 110 pounds, 
but it shows that the loss of nitrogen is mainly due to leaching out 
of nitrates.” 

It is even doubtful if denitrification goes on to any appreciable 
extent in a well aerated soil even though it contains considerable 
nitrates. The nitrates, however, may disappear as seen from the 
following results in which the author mixed 2 grams of dried blood 
and 3724.8 parts per million of various nitrates with 100 grams of 
soil made the moisture up to 18 per cent, and after twenty-one 
days’ incubation at 30*^ C. recovered the various percentages of 
nitric nitrogen. The untreated soil was taken as 100 per cent. 


NOs added 

(p. p.m.) 


None 
3724.S . 


Per cent, of iiitrie uitro.;en found in the presence of 


NaNOa 

KNOs 

Ca(N03)2 

MgfNOala 

Mn(N03)2 

100 

100 1 

100 1 

100 

100 

-13.9 

-41.2 j 

i 

-20.2 ! 

-354.7 

-17.S 


This indicates a loss of nitrates where sodium, potassium, calcium, 
magnesium, and manganese nitrates had been applied to the soil. 

An analysis of the soil for total nitrogen showed a loss only where 
the potassium nitrate was applied to the soil, and in this case it 
was only 5.96 mgms. in place of 41.2 per cent., as was indicated by 
the first results. 


Gain (4-) or loss (—) in 
nitrogen over soil receiving 


Treatment. 

no nitrate. 

Dried blood 

4- 

no nitrate. 

. . 0.00 

cc « 

4- 

84.06 mg. N.N. as KNO 3 

. -5.96 mgs. 

u “ 

- 1 - 

84.06 mg. N.N. as NaNOs 

. . 1.34 

a « 

4- 

84.06 mg. N.N. as Mg (N 03)2 

. . 25.14 

a Li 

4- 

84.06 mg. N.N. as Fe(N03)8 . 

. . 37.04 

u u 

4- 

84.06 mg. N.N. as Ca(N03)2 

. . 42.54 

a u 

+ 

84.06 mg. N.N. as Mn(N 03)2 

. . 48.54 


Function of Denitrifiers.—Huge quantities of organic and inorganic 
nitrogen find their way into the septic tanks of large cities, and 
much of this is returned to the atmosphere by these bacteria. More¬ 
over, that which reaches the lakes and oceans is also acted upon by 
denitrifying bacteria; hence, they play a part, although of minor 
importance in the nitrogen cycle. 
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CHAPTER XXIIL 


AZOFICATION. 

Tpie maintenance of the nitrogen supply of the soil is the phas 
of soil fertility which has received greatest consideration both froi 
the scientist and from the practical agriculturist. Nitrogen is or 
of the more expensive commercial fertilizers and is, in the majoril 
of soils, the limiting factor of crop production. The supply of con 
bined nitrogen on the earth is comparatively small and it is possib 
to calculate approximately the time necessary for its exhaustioi 
Basing his conclusion on such a calculation, at least one scienti; 
has predicted dire calamity to the human race were science not ab. 
soon to solve this problem. Science has measured up to its requir< 
ments in this regard, for the synthetic production of combine 
nitrogen has been accomplished, and this in a manner- so hi^hl 
satisfactory that it is able to compete successfully with the produ< 
of natural deposits. Advancements have also been made in oi 
knowledge of the underlying principles influencing the natural pro< 
esses which govern the fixation of nitrogen in the soil. Althoug 
there is much yet to be learned in this field it is upon the contr< 
of these natural processes that ultimate success will be based. 

Historical.—It has been known for generations that uncropped soi 
increase in fertility. Less ancient, however, is the knowledge thi 
this increase may be due to a gain of nitrogen in the abandone 
soils. Even more recent than this is the knowledge that it may I 
due to bacteriological action. 

In the middle of the nineteenth century Boussingault wrot« 
^‘Vegetable earth contains living organisms—germs—the vitalit 
of which is suspended by drying and reestablished under favorab 
conditions as to moisture and temperature.'' He also hinted at tl 
fact that these microorganisms take part in the process of nitroge 
fixation. He spread out thinly 120 gm. of soil in a shallow glass dis 
and for three months’ moistened it daily with water free fro] 
nitrogen compoxmds. At the end of this time analysis showed thi 
it had lost carbon, but had gained nitrogen. It was not until thirl 
years later that Hellriegel and Wilfarth made their discovery < 
nitrogen-fixation by symbiotic organisms. At that time the labors 
tory technic of modern bacteriology was still undeveloped. 
then, however, we have learned much concerning the relatioixshi 
of plants to free and combined nitrogen of the air and of the soi 
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We know that soil gains in nitrogen are often due to microorganism^, 
either living free in the soil or in company with the higher plants. 
The production of nitrogen compounds out of atmospheric nitrogen 
by bacteria independent of higher plants is designated non-symbiotic 
nitrogen-fixation, or azofiication. When fixation is accomplished by 
bacteria living in connection with and receiving benefit from higher 
plants, it is called symbiotic nitrogen-fixation. 

As early as 1883 Berthelot undertook the study of soils as 
regards their relationship to free and combined nitrogen, and as a 
result of these studies he was the first definitely to recognize that 
gains which occur in bare unsterilized soils are due to microscopic 
organisms. He found that when 50 kgm. of arable soil were exposed 
to air and to rain in a vessel for seven months, after allowing for the 
small amount of combined nitrogen brought down by the rain, there 
was a gain in nitrogen of more than 25 per cent. In another experi¬ 
ment in which the soil was first washed free from nitrates, there was 
a gain of 46 per cent. Many other experiments showed gains from 
10 to 15 per cent. Berthelot was not content with the bare knowl¬ 
edge that nitrogen is fixed in the soil by living organisms, but con¬ 
tinued his work with the idea of isolating some of these organisms. 
With the aid of Guignard, he made soil inoculation into sterile 
bouillon and from this prepared gelatin plates. Cultures were taken 
from the colonies growing on the plates and bacteria were tested 
for their nitrogen-fixing power. His results were conclusive that 
there exist within the soil chlorophyll-free bacteria capable of fixing 
atmospheric nitrogen. His work had shown that these organisms 
act best at summer temperatures, between 50° and 104° F., in the 
presence of a good supply of oxygen, a proportion of water in the 
soil not exceeding 12 to 15 per cent, and not falling below 2 to 3 
per cent. 

They require carbon, hydrogen and enough combined nitrogen 
to promote initial growth. The nitrogen, gained by the soil was 
proteinaceous in nature, being insoluble in water. Although some 
of his soils had gained large quantities of nitrogen, he considered 
that the fixation of atmospheric nitrogen by microorganisms has 
its limits, since the organisms isolated drew from the atmosphere 
only so long as the amount fixed in the medium was not great. Heat¬ 
ing the soil to 230° P. immediately stopped the process. 

Prior to this a number of chemists, notably Ivonig and Kiesow, 
Armsby, Birner, Kellner, Deh&ain and Avery had found that when 
organic matter in one form or another undergoes fermentation there 
is frequently an increase of nitrogen in the fermenting substance. 
Armsby states it thus: We must conclude that decaying organic 
substances in the presence of caustic alkali are able to fix free 
nitrogen without the gain being manifest as nitric acid or ammonia, 
and probably without the fonnation of these bodies.'’ His explana- 
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tion of tlie process was tliaf the nascent liydrn^tai c\‘()l\(*<l {Inriii-^ 
tlic fcrnKaitation ]>ro(*(‘Ss r(‘actc‘<l with the fn^c ni!n><^c*n of flu* 
Others considcnMl that tla* acti\<‘ ai^eaits wen* conipcauHls of irfoo 
inan^^anese, and linn* (‘xistin^ in tin* soil and in sonu* way actiiiL! 
as catalytic* agc‘nts. 

B('rth(‘Iot\s discovetry intc‘n*st<*d Winoj^radsky who coni!nc‘noo«I 
work wdii(*h (‘vcaitually bridged tin* (*hasin. Ih* (‘inployed, as o 
incdinin, a, nutritives solution foM* from conihin<*d nitrogc*n, hut c<tii- 
taining mineral salts and d<‘xtrose. Fift(‘t*n sc^parate^ sp(*cics of st»il 
})a(*t(‘ria w<*r(‘ isolat(‘dj but onl\‘ erne a long sp(in‘bearing bacillii 
wliich d(*vc‘lop(‘d normally in the* abs<*m'<* <»f c-oinbincd nitrog(‘n am i 
scenned to produ<*(t butyric fcnn(‘ntation fix(*<l nitrogem to an; 
ap})n!(‘ial>I(* d(‘gn*(‘. (^uantitali\'(‘ te*sts showc*d that the* inaxiniinn 
fixation was altain(‘d wh(‘re no combined nitn»ge*n was purpost*! 
added, and that on the* addition (»f such, fixation of nitrogem wa ^ 
diminished. Forc‘xamph*, si‘Vf*ral d<*t<*nninati(»ns gave* the following! 
rcxsults: 

N riN N ill (t'XIroM* Huliifioit , LSI Inf it.4 8,/j 21.2 

N lixe^cl. . 7 . a .7 . a r» . r> a . r, 2 . 2 

The )>res(‘n(‘C‘ e^f coinbim-d nitr(»ge*n teaids la <it*crcuHCf fixation. 
He* concluded that in orde*r for any gain to he* made*, the* ratio c»f tlio 
<*omhineHl nitroge*n to the* sugar shemld ne»t <*x('re*d ir.llMH). B(*cauM* 
of the* characleTistic* femnation e»f eTistrielia in his e*idture‘s, Wiinc- 
gradsky name‘d the organism (lotiiridlum padrurimiHin, The* cant- 
(*lu.sion whicli the* author rean-lieab hcm<*vci% was that the* powetr *4 
fixing nitre)gi*n is not ge*ne‘ra! among inie’n»irgariisinH, !>tit {‘orifin«*«i 
to a fenv spe*ciai fejrms. 

Following Winogradsky, < ‘anm maele* some intere*Hfing diseoveric*:-. 
II(f found that seals nneh*r l<*afy e*rops eemtain gn*ate*r numlH*rs ftf 
haeti*ria than those* uneie*r gnisse*s. lie* alsc» titiHe*rve<I that tin* bur- 
te*rial fiemi of soils in the spring art* difrere*nt from tho-sc* in the* bill 
both (plantitatively mid <|ua!itutively. He UH<*d in. vegetalioii 
expenmc*nts pure eultunvs of the liaetcTia, most fre‘(jueitt !> 
c*neonnt(‘red in natural soils. Some soils were inoeulafed witli 
liouillon eultiire!, whereas othe*rs nfeeive*f| emly sfe*rile he-Hiilloti, 
The erop yields were usually in favor of tht! inmiilateal liiif 

showed variations from se*aHon to season. Ivxee^plionaily g(.«id rc*siiif 
wa*re ol>tainec.l with a siH,>r(fbt.*aring haeillus whicdi Inf terme.sl BaeUinj^ 
ellmbcichemk. 

(.'arc,m's work led to tlie eommerc*ial t*xploit^ation of his c’ultiires, 
one of wdiiel'i, ‘b:ilinit,’' w’lis the subj<*c‘t of miieh stinly a.nd 
versy. This c*ultiire was fcniiid to eoutatn, in’eortliiig to Heverin, twM * 
closely-related 'bacilli w'liic*h lie eho-stf to de.sigiiate m /I. elknlmefmmi:^ 
A and B, Theses had the pewer to fix nitrogen to sonuf extent. Tent.: 
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with ''aliiiit/’ however, have not confirmed to any great extent the 
claims of its exploiters. 

In 1901 Beijerinck’s investigations led to an extremely important 
addition to the history of non-symbiotic nitrogen-fixation. He 
described a new group of large aerobic bacilli to which he gave the 
generic name Azotohacter, 

In an early paper published by Beijerinck and van Delden, they 
maintain that Azotobacter are incapable of fixing appreciable 
quantities of nitrogen in pure culture, but are dependent to a large 
extent on Granulohacter, Radiobacter, Aerobacter, They considered 
that in mixed cultures the Granulobacter, Radiobacter y and Aerobacter 
possess the power of fixing nitrogen in the presence of Azotobacter, 
which grows at the expense of the combined nitrogen escaping from 
them into the solution. 

A little later Gerlach and Vogel succeeded in isolating from soil 
the Azotobacter of Beijerinck and in showing that in pure cultures 
and in the presence of salts of organic acids, Azotobacter are capable 
of active nitrogen-fixation. They obtained a fixation of 9 mgm. 
of nitrogen in a 1 per cent, solution of grape sugar. But Beijerinck 
challenged this assertion, claiming that their cultures were not pure 
but were mixed with other forms difficult to separate. The claims 
of Gerlach and Vogel were substantiated by the work of Freuden- 
reich, Koch and Lipman. The latter not only showed that the 
Azotobacter possess the power of fixing nitrogen in pure cultures, 
but he explained the failures recorded by others. 

Although not necessary, the presence of other organisms often 
proves advantageous. Lipman found that in the presence of such 
forms as B. radiobacter and B. levaniformm the nitrogen-fixation is 
faster and goes on at a more regular rate. 

To the two species of Azotobacter—A. chrodcoccum and A. agiUs— 
described by Beijerinck and van Delden, Lipman, added A. vine- 
landii, A. heijerincJcii, and A. looodstounii. Later Lohnis and 
Westermann described A. vitreum, and after a study of 21 cultures 
of various Azotobacter concluded that they represented only four 
types. A, chroococcurn is most widely distributed in the soils so far 
studied. 

The discussion of the subject thus far has been more or less con¬ 
fined to the Azotobacter, but investigations of Beijerinck and van 
Delden, Lohnis, Moore, Chester, Bredemann and others have 
brought to light other microorganisms having the power to fix 
nitrogen.' Among these are B. mesentericm (which fixes appreciable 
quantities of nitrogen), B. RneumonicB, B. lactis viscosus, B. radio¬ 
bacter, B. prodigiosics, B. asterosporm and B. amylobacter. 

Bredemann, after a careful study of the morphological and physio¬ 
logical characteristics of eleven '"original species” of other investi¬ 
gators and of sixteen cultures prepared by himself from various soils, 
concluded that all belong to the single species B. amylobacter of 
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van *'1 Ihi.-s li(»wr\'rr. fhrn^ ha-- hrm tjr-4«rii»'‘f a,! 

I(‘ast (Hia afh’dhir* c'ln.'4ri«liiiiii. Mnri'»»\-pr, Oiiii’liaii4u 
that 11 h* (liiHtridnun pnstt nriniuun, i”f>iat**il frtaa fhr* |{ii • iaii mi! , 
is clc'arly a iia>rpliuiua:i<*ally di-^inr! Aa i«h‘a of iha ar'fiAi'\ 

of sonic* or^ji'anisins in fixin^^ nifro^rn ina\ ho ohlai{if*4 fruiit l!i>‘ f^!- 
lo\viii|( rosalts n^poiioi! I»y Ltihni;-*. In i*via*y HMI r.o. i,f | 
niannitr, or .^n-a|M* .aipir soil «*xfrai‘t. fhorr was lixoih in iln* rMiir «- 
of thrca* wooks, iulrop‘n ft»llo\v : 

Harf. r*}iryj.o|.»:lMra .11 

Ha<’f. fjitlariru’. , . *1 

... *1 » 

H. Lipnian to^fod hH oi\%'iitiMii-. inoliidin;: forfido'^^ 

\-<*a,sts, and nujlds, noarly- all of whioh :dio\vrd a amro or |iro« 
nonnraal powor of fixin^^ afiia* fihorio 

iVinii^slioini has isolafial fnaii ordinary ;rard«ii 'aail iirimn thi^riiioo 
philio orpinisnrs wiiioh fix frcan ’* tr» n in^nn. of nitroi^^i''n por ;fraiit «ff 
dextrose* when inenhafod at til"' t '. in a Wino^^railAvv’> .oilntioii f*i 
whieh a litlh* soil exiraei was added, ihigi^nir iind Inru* 

r(*e*(»nfly investi|xa.tf*d the ■■aihjeef of the fixation of niiroi^^iai Its itie 
fihunenfons funiri. A>^pi'rfjlllm lUfp'T, Sf I't *f UUH r.fl/fFIf lllO', 

(*{lluuti (IIpltdifun^ i^ iiliil 

and of the^* only tin* hr4«nainef| was d«dinifely prifved to lir 
alilt* to fix nitroiren. It i.sfhns .veen tiiat tia* powr^rof nil r<'i|,aii 

IS a. eliaraeterislir pcjsse'^.'^ed h\ nian> iniorooriritiii'iiii '-. in roiif r-adie-** 
lion to the supposition of \Vin*crtnnisky that flii-- j«.mer is liiiii!e«! 
to a |airtic’tdar, or, at most, a few 1 lii^ iv evpi'i-ialiy 

si7a*d J>y the rereiil work of HinerHon who «*xaiiiiiird soil mhii'h 
eontained or|^%aiiisi4i,-. jif*r ivliirh ironid tirrrloj* mi 

nilroKetrfree nieijia. Of *#7 rent. jif*v.r'..rd tip* |ioivrr 

tel fi,xini^ nitroKeii; flaw’ eoiistjfnfed at. lenst four |,*'foti|i 4 , 

.Nevertfadess, the tii(r4 iniporlinit goaip yrl f*rrd is fin-. 

Azntf.finirirt, and if is xvifh thr.se inaiiily lliat. thi-"" r-hiiplrf de-ai-o 

DiiMbiitiott. ^Ilieiiitrogeiolixiiig«ir|»iiiiisiiiHiireiiid*-'H'e!i'4riliiiitr*!, 
cweinTini: in innsf seals, hipumn iiml Iliiriie-'e4, ■iviio stnriird flit* wfrro 
Ken-fixillg flora, es}M*eiitI|y f.lifor of the /|.^4oW|rr groiij-f. f»f fi, «|||« 
frean Kijypt, India, diijuin. fliina, Syria, the liiwaiinii J dand’s 
f iiiafenMihi. f osfa Sjiiiim Itidy, {{tis^^iin .!lt{exi^'o, A "in .*^finor, 

C anndfi, nmliiska, Sanioa. Amtrulm, lahiti. Ilidgiinin i}nwir4m4. 
and flirOfiilnpagii.s IslimfiM, foifnd ex'rry fhe power of 

fixing nitrogen in mmmitn scdtilion. Alwait,'fiiir4liird of flir soil^ 
eciritfiined Amhimritri (mpumtly the wfne «al showed ftp' i- 

of txvo or three difrermit .sjji*tdee of At/Sdmrkr.. I. e4rr.w>o#rm.i, 
hoivev.er, wm the ifiosf, proiiiiiieiif. It wiih hIsh foinni uiu 1 whirl; 
dintrifiiited in the vnrifaiH jaiifs, Ciri^nir%i"i*ge foiind Az'^Fdmri* ^ m ajl 
hilt one of ii. series of daxn ^oih^. 

Several liiiiidrefl I tiih mhiIh hiive hmi rxiiiiiiiird iiiid al! found fo 
fix nitrogeiii iitHity’ of Ifieiri withont the achlithiii nf eafiioliyiirnti-., 
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Aerobic Azotobacter are present in nearly all Utah soils. Hutchinson 
found the Azotobacter in all the Indian soils examined. They occur 
in cultivated more frequently and in greater numbers than in virgin 
soils. This probably accounts for the much higher nitrogen-fixing 
power of cultivated soils. 

Azotobacter were found in only two out of 64 localities in the soils 
of Danish forests. Both of the soils which gave positive tests were 
from beechwood forests and contained calcium carbonate. Although 
the soils of these forests rarely contain enough carbonate to.effervesce 
they are usually neutral or slightly alkaline. They contain calcium, 
but in forms other than the carbonate. It is generally understood 
that Azotobacter occur commonly in soils which contain sufficient 
calcium carbonate to effervesce when acid is added and that they 
scarcely ever occur in acid soils. Their disappearance from soil is 
usually due to the absence of basic substances, especially of calcium 
and magnesium carbonate, and not to the presence of toxic sub¬ 
stances. However, they are frequently not present in peaty soils, 
where their absence cannot be attributed to a lack of lime. 

The aerobic nitrogen-fixers are probably more widely distributed 
in soils than are the anaerobic, for, although both groups are gener¬ 
ally found in the Russian soils, the aerobic are found in the sands 
of Kirghese steppes and in the peat soils of the Province of Arch¬ 
angel in which the anaerobic forms are absent. Anaerobic nitrogen- 
fixers are, however, quite widely distributed in soils and are at times 
found on the leaves of forests trees. 

The nitrogen-fixing organisms are confined almost entirely to the 
first three feet of soil, although they have been found in soil at all 
depths down to the tenth foot in the very favorably constituted 
loose soils of Nebraska. 

They are most active in the upper few inches of soil, as is indicated 
by results obtained by Ashby. 

Average 

Depth nitrogen fixed. 


Soil. inches, mgm. 

Little Hoos.10 9.23 

Little Hoos. 20 7.29 

Little Hoos. 30 4. GO 


Reports on some Hawaiian soils show them to be equally active 
at all depths to 4 feet, but this must be considered an exception, 
for the examination of numerous soils in Utah has shown a gradual 
decrease in nitrogen-fixing powers with depth. The average of 
several hundred determinations, in both solution and soil media, 
are given below; 

Nitrogen fixed in 
Nitrogen fixed in 100 cc. of Ashby’s 

100 gm. of soil + solution with 1.5 

1.6 gm. of mannite. gm. of mannite. 


Depth of sample. mgm. mgm. 

Firstfoot. 5.28 2.11 

Second foot. 2.42 0.77 

Third foot. 1.55 0.58 
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These samples were collected with such great care that there was 
no possibility of the mixing of one foot section with another. It is 
interesting to note that while the actual gain in nitrogen per gram 
of mannite is over twice as great in the soil as in the solution, yet 
the relative gain per foot section is the safne in both. There is 
about 'one-half as much nitrogen fixed in the second as in the first 
foot, and one-fourth as much in the third as in the first. 

The nitrogen-fixing organisms are not confined to the soil alone, 
for Beijerinck and van Delden first isolated Azotobacter agilis from 
canal water in Holland. Azotobacter chrodcoccum and B. Clostridium 
'pasteurianwn are both found in many fresh and salt waters, living 
on algae and plankton organism. 

Reaction of the Media.—The distribution and the physiological 
efficiency of the nitrogen-fixing organisms, especially of the Azoto¬ 
bacter species, are governed by the physical and chemical properties 
of the soil, foremost among which is the basicity of the soil, namely, 
its calcium or magnesium carbonate content. Ashby bases his 
method for obtaining pure cultures of Azotobacter upon this property, 
for he finds that by picking out the crystals of the carbonate from 
the soil and seeding them into nitrogen-free media the likelihood of 
obtaining the organism is greatly increased. The addition of calcium 
carbonate to a soil often increases its azofying power, the extent of 
which increase depends on the lime requirements of the soil and on 
the fineness of the added limestone. 

Christensen has suggested that the Azotobacter be used as an index 
to the lime requirements of a soil. The test should include both a 
search for the organism in the soil and a test of their ability to grow 
when inoculated into the soil. He and Larson examined more than 
one hundred soils of known lime requirement. They determined 
the carbon dioxid set free by acids, the amount of calcium dissolved 
by an ammonium chlorid solution, the behavior of the soil toward 
litmus, and the biological test. The result of this test was that the 
biological test agreed whh the known condition in 90 per cent, of the 
cases, the ammonium chlorid in 50 per cent., the litmus in 40 per 
cent., and the carbon dioxid failed more often than not to indicate 
the correct condition of the soil. 

Fischer failed to find Azotobacter in a heavy loam soil containing 
only 0.145 per cent, of lime, while adjoining limed plots had an 
Azotobacter flora. The quantity of calcium carbonate which must 
be added to obtain maximum fixation varies with the soil. 

A West Virginia Dekalb silt loam, which required 0.175 per cent, 
of calcium carbonate to render it neutral by the Veitch method, 
gave greatest nitrogen fixation when 0.375 per cent, of calcium 
carbonate was added. Above this concentration azofication 
decreased, but when phosphorus was applied with the lime it was not 
toxic even when pr?§ept in quantities as great as 0.5 per cent. It is 
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certain that large quantities of calcium carbonate may be present 
in soil without injury to the azofiers. 

The author found numerous Azotohacter and a very active nitro¬ 
gen-fixation in a soil 43 per cent, of which was calcium and mag¬ 
nesium carbonate. 

The organisms develop normally in the presence of either calcium 
or magnesium carbonate, but in liquid cultures the film develops 
earlier and it contains less foreign organism in the presence of mag¬ 
nesium carbonate than in the presence of calcium carbonate. The 
actual nitrogen fixed, as reported by Ashby, is also greater where „ 
the magnesium carbonate is used. This he attributes to the sup¬ 
pression by the magnesium of foreign organisms, especially of the 
butyric acid ferments. 

There is, however, a marked difference in the action of calcium 
carbonate and magnesium carbonate when they are applied in large 
quantities. Lipman and Burgess found the calcium carbonate stimu¬ 
lating and never toxic to Azotohacter chrodcoccum in concentrations 
up to 2 per cent, in mannite solution. The magnesium carbonate 
was sharply toxic in higher concentrations up to 2 per cent, in 
mannite solution. The magnesium carbonate was sharply toxic 
in higher concentrations above 0.1 to 0.2 per cent, in such cultures. 
The calcium salt is without effect when added to most soils up to 
1.4 per ctot., but the magnesium carbonate is even more toxic in 
soils than in solutions. Moreover, their work indicates that calcium 
exerts a protective influence, in both soils and solutions, against 
the toxic influence of magnesium. The best ratio of calcium to 
magnesium varies with solution and soil. 

In many soils lime increases the nitrogen fixed, for Krzemieniewski 
found limed soil to fix in ten days 17.52 mgm. of nitrogen, whereas 
adjoining unlimed soil fixed only 7.15 mgm. There is, however, the 
possibility of applying too large a quantity of the caustic lime and 
thereby decreasing nitrogen-fixation, a condition which has never 
been experienced in the use of the carbonate. 

Von Feilitzen, however, found neither a direct relationship be¬ 
tween lime content of moor soil and the development of Azotohacter, 
nor relationship between their development and the reaction of the 
soil. But this only serves to illustrate the fact that although lime 
and neutral or slightly alkaline media are essential, they will not 
ensure a rich Azotohacter flora in a soil unless all other conditions 
are optimum. Remy found sodium and potassium carbonate less 
favorable for nitrogen-fixation than was calcium or magnesium. 

So far as the writer is aware, Krainsky is the only worker who has 
found sodium carbonate more favorable than calcium carbonate. 
This may have been due to the sodium carbonate’s liberating plant- 
food which was in the soil in an insoluble form but which was essen¬ 
tial to the deyelopm^nt of Azotohacter. Mockeridge has found that 
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the presence of sodium salts is unnecessary and depressing at least 
to the growth of Azotohacter. The beneficial effect ascribed to sodium 
chlorid solution in inoculating agar plates is due to the fact that 
this liquid is isotonic with the cell content solution, but the sodium 
hydroxid is a far less advantageous neutralizing agent than is cal¬ 
cium or magnesium carbonate. Furthermore, Lipman failed to 
stimulate the azofiers with any of the sodium salts. 

Food Requirements of the Azofiers.— These organisms probably 
require for their nutrition the same elemeots as do the higher plants, 
namely carbon, hydrogen, oxygen, nitrogen, potassium, phosphorus, 
sulphur, calcium, magnesium, and iron, and possibly aluminum and 
manganese. 

They obtain their carbon and hydrogen from organic compounds, 
preferably from carbohydrates, which are considered in detail under 
sources of energy. Oxygen is obtained either from the atmosphere 
or from combined sources depending on the species and the condi¬ 
tions under which they are grown. 

A marked difference between these and the higher plants is that 
they possess the power of obtaining their nitrogen from the air, but 
in the presence of combined nitrogen they obtain but little from the 
air. Lipman, Stranak, Heinze, and Stoklasa found that small 
quantities of nitrates stimulated Azotobacter, whereas large quanti¬ 
ties discouraged nitrogen-fixation since the organisms live on the 
nitrates. This is the case whether the nitrates are added to the soil 
or to the solution in which nitrogen-fixation is taking place. Cole¬ 
man considers this action as due to several different factors: namely, 
(a) a direct toxic action of the salt, (b) antagonism of other organ¬ 
isms which it favors, (c) the using up of the energy supply'by 
these organisms, and (d) the discouragement of fixation by the use 
of sodium nitrate. The last would seem to be the most inaportant 
factor when viewed in connection with the following results reported 
by Hills: 


Relative per cent, of nitrogen fixed. 
Relative number of organisms.--^---...-" 






Sterilized soil. 

Unsterilized soil. 









nitrate. 

Mgm. 

KNOs 

NaNOs 

Ca(NOj )2 

NaNOa 

Ca(N03)2 

NaNOa 

Ca(N03)2 

‘0 

100 

100 

100 

100 

100 

100 

100 

10 

348 

191 

362 

100 

105 

240 

219. 

50 

8210 

3150 

4528 

342 

371 

500 

444 

150 

12 

117 

763 





200 

0 

0 

0 

352 

467 

879 

557 
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llie iiiirniH‘r of organisms ([(‘veloping ami tin* nitrog(ii fixo<l in 
the one ree(*i\ ing no iiifrat(‘ is taken as 100 |>(‘r e(‘nt. 

It is (juitc* cn'ichmt from t}i(‘S(‘ r(‘snlts that although nitra1(‘S eause 
more aetiv(* multiplic^ation of Azidafuirtrr, it gnaitly nsluc’cs tlicar 
physiological effieieney. ''rh(‘ organisms used by Hills had probably 
grown for a long time on m(‘din poor in nitrogcm, and tlaar ability 
to fix nilnigen was, tluTcfonx high. lint would th(*y continue in 
exert this pow(‘r if grown on media rich in nitrog(m? evidene«* 

pcants strongly t(» the eom^lusiou that they would not. It is certain, 
liowev<‘i\ that the nitratcxs an» toxic* in eompurativc^ly low ecua’cmtra¬ 
tions. Xitrates and ammonium sulphate* an* rath(‘r <‘He(*tive in stimu¬ 
lating nit r(^g(‘n-fixati(m wh<‘n the* Azntnhartmirn gnjwn in eonneetiem 
with th(‘ cellulose* f(*rm(*nts. FA'(‘n hen*, how(*vc‘r, large* (juantities 
(h*en’ase this pow(‘r. In pun* cultures ammonium sul])hat(* seriously 
ndards nitrog(*n-fixatiom wh(‘n*as the* nitrog(*n of humus, even in 
large c|tiantiti<*s, appears to liave* no se‘rious n‘tarding inllueufa*. 
Never!hf*l(‘ss, a high nitroge*n content of soils s(*<‘ms be* tmfavor- 
able Uj vigorous tiitrogen-fixation. 

WlH*th<‘r tins we mid be* tin* ease wh<‘re the* nitrate* <'ont(‘nt e»f the* 
seals is ke‘pt lenv but with the naidily elea'ompexsahle* preheiu nitn>gen 
higlp is yet to he*anHwen*d. niltne*r and Stdrme*r (*emsieh‘r that wlien 
tin* nitrog4*u e(mt(*nt of the* soil pass<*s h(‘youd a. (’(*rtain limit, the* 
de*eay baete*ria inen‘ase rapidly, and in the* struggle* for <*xisfe*m*(* 
they are able*, witli the advantage at the*ir elisposal, to suppU’SH the* 
more slowly greming Azniobaeter. 

Potassium is esH<*ntial to the* higher ]>Iunts ami eaime^t he* re»p!H<*ed 
<‘iitin*ly fw n*lated ehamaits, yet (lerlaeli and \ oge*! earl> r(»ae’lHH! 
file eemelusion that potassium ami mngiuxsimn an* not essf*ntial to 
the .Aznifflmdrr. "rhe*ir results w<Te, hem’e*V(*r, ge‘rierally e*(mHid(*reei 
c‘rroni*e>ns, inr while* as much nitrogea was fix<‘d iu twe*nty days 
without as with potassium, after feerty days th<*n* was uo further 
fixiitiem in the seiution without potassium, hut in its pre*Hf*m*e tin* 
uitmge*n gain m*iirly doiibkal. It was, the*n*f<u*e, argued that the* 
!ra<*c*s of potiissium I«*ft in the <*lH‘ini<‘u!s and disHo!v<*d from the 
glass during slerilizatiem had been enough to |H*rmit <l<*v«‘!opmf*iit 
for a time. If fhe*.se ekunents an* essfuitial, it must he* in e*xtn‘me*ly 
minute (fimntitie*s, for \V»gel, using the pnn‘Ht (‘In'micals td>tiunable. 
was able to prepare {K»tits.Hinm-freet media in wliic’h the* Azntf^hitrfrr 
e!eve!o|M*<l. He* did find, however, that potassium favors th<*ir 
eleveleipment. 

Phosplie^rus isrecjuired by the^* organisms, large* epiantities lading 
liHisl for the building eif lh<* micieenproteins anel phosphcHfirofeinH in 
which thf*ir bodie*s are e?xtremely rieh. Monaiver, it gre*ally aef*eler- 
iites the reac‘tion and e<»onc)mi7.eH the^ <»arbohydrati*s; he*nee it., is 
ratlM*r evident that phosphorus plays a very <;ssimtia! part in A'/ot.o- 
l.ui(*ter iiietaboliHim Possibly in the early stages of tlie proeess a 
17 
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definite chemical reaction occurs between the phosphate and the* 
carbohydrate similar to that occurring in alcoholic fermentation. 

I. 2 C 6 H 12 OG + 2 R 2 HPO 4 2 CO 2 4 - 2 H 2 O + C6Hio04(P04R2)2 4- 

2C2H€0 

II. C6Hlo04(P04ll2)2 4- 2 H 2 O -» C 6 H 12 O 6 4- 2 R 2 HPO 4 

The Azotolacter are able to utilize the phosphorus of di- and 
tri-basic sodium and potassium phosphate and of dibasic calcium 
phosphate. 

Mockeridge obtained an increase of 23 per cent, in nitrogen fixa¬ 
tion with basic slag. There were two maxima, one with 0.4 per cent, 
the other with 1.0 per cent. slag. This is attributed to the stimulat¬ 
ing effect of the iron and manganese in the slag, the maximum effect 
of one being produced at 0.4 per cent., the other at 1.0 per cent. 
The tribasic calcium phosphate—bone ash, iron, and aluminum 
phosphate—all serve only as difficultly available sources of phos¬ 
phorus. Raw rock phosphate and bone meal fail entirely to furnish 
enough available phosphorus for the development of Azoiohacter. 

The addition of phosphorus to a soil often greatly increases azofi- 
cation. 

Without With 

phosphorus. phosphorus. 


Treatment. mgm. mgm. 

No lime.0.6 0.9 

Lime.1.5 4.6 


Moreover, Christensen has found soils in which phosphorus is the 
limiting element in Azotolacter growth. He entertains the hope that, 
in view of the relationship between Azotolacter growth and lime and 
phosphorus, it will become eventually possible by the determin¬ 
ation of bacterial food requirements to secure a general expression 
for the soil content of plant-food available to crops. He further 
suggests that where a mannitol solution free from phosphorus 
produces a vigorous growth of Azotolacter after inoculation with a 
soil, it may be assumed that the soil is not deficient in available 
phosphorus. Dzierzbicki notes that if soils are deficient in available 
lime, phosphoric acid, or potash, nitrogen-fixing bacteria, such as 
Azotolacter, arc either entirely absent or present only in small 
numbers. 

There is a definite relationship between the carbon and phos¬ 
phorus content of a soil and the nitrogen assimilated. According 
to Stoklasa, Azotolacter assimilates from 5.0 to 5.7 grams of fre(j 
nitrogen for every gram of phosphorus used. Although these; 
organisms are directly dependent upon a readily available supply 
of phosphorus to promote growth, they do not change it into the 
organic form as rapidly as do the ammonifying bacteria. 

Sulphur is required by the azofiers possibly for the formation of the 
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iiiatrrial of tlaar ln)<li(‘S. It is cerlaiii tliaf the* hanefit 
<i(Tivc‘d \>\\\z‘J >h(U'frr from tla* snl]>hat<‘s of iron and oalcium isdiu* 
in a largo moasurc* to tin* sulphur \vhi(‘h tl»os<‘ooiupounds sup|)Iy. No 
ovid«*ia*o iias as y(‘t Imhui }>roduo<‘d \vlii(*li would l<^*ld us to lH‘li<na‘ 
that tlio orgauisnis oau use* snl])hur as a source^ of <‘U(‘rgy. 

C aloluni (‘arhonato and c'aloium oxi<h in addition to furnishing a. 
base whioh noutraIiz<*s th(* a(’i<l huaru'd in tin* nH‘tah()lio |>roc{‘ss(‘S 
(d’tla* Azntnfi(wt('t\n\H> furnisii oalciuin to tin* organism. (1irist(‘ns(*n 
brought (»uf tin* fact that Az<^t(iharfrr vnu dcriv(‘ th(‘ir calcium from 
dibasic calcium phcjsphatc and sorn<‘ calcium salts of organi<' acids. 

could m»t, howcv<‘r, utiliza* th<* cahaum of tribasic phos])hat(*, 
of cah-ium chlorid or suli)hat(‘. 

1 roil is essential and cit luu’t 1 h‘ h*rric or f(*rrous sulphaii* is {‘S])(‘(‘ially 
biaicficiab Kosing found tfi(‘ amount of nitrogim fixed incnxis<‘d 
from mgms. to mgms. ]K‘r gram of mannit(‘ wlnai iron 
sulphate* was ad<ie*d teethe cultural media. 'Hiis is <lm\ in a greait, 
degni*, to the inui whic*h scrv(*s as food for the organisms, yet its 
e*<dIoidal natun* ma\' play a part, for both organic and inorganic 
colhehlal sulistauc<*s liave* an (‘sp<*cially faA'orabli* action on Azobn 
fMUivr, althmigh the* action of tin* inorganic e-olioids is fidly manifest 
only in the pr(*sen('e (»f organie eolloids. If iisesl aloias large (juan- 
tilies (ef the ferric hydroxid an* <*ss<‘ntial for the maxiimmi (‘llVet, 
but in the* pn*s(*m'e of m*ganie eolloids v<‘ry small (plantiti<*s cef iron 
arc* c‘flVeti\c. dins has !ie<*n attrilmtc’d to the* ac'tion of the colloidal 
iron whic’li adsorlis the nifrogcui and oxygen of the air and brings 
f!a*fn into more intimate* c'ontaet witli the* Azaiaharlcr. dliis would 
neet only ace'e*Ie*rafe* the normal proe*css(*s of tlic aeTohie AzuUihacter 
by furnisliing them witli nitroge‘n and oxyge*!!, bnt it weaild tend to 
suppress the* anaeh’obie* proce*sse*s wlii(*li arc e*xtr<‘m<‘ly wast(*ful of 
the* food. Ae’cording to IvascTcT, these* organisms also r(*(pnre* 
aluininnin. Alfbongh tliis may ae‘ccle‘rat<*, it has not be*cn proved 
tee be* f*Hse*ntiaI to fhe*ir growth. 

While* not exsscntial to the tirganisms, marigan<*se‘ is an extre‘mely 
aciive* e*iifalyzer in ine*re*asing proportions np to t> mgm. pe*r lOt) e.e*. 
of iiit»dia. Above* this eonccmtriifion the* r<‘ae’tion falls off rapidly, 
and at mgm. it is less tfinn in the* ahseaiee* of mangane*se. If is 
eexidiz<*d liy AzdUihavtrr, and in the* proportion of 1 part to 2tHt(K)0 
fiarts of soil it is an aetive* stimnlant. Olarii e‘onsi<l<*r.s it likely tha.t 
the* in(‘r<*aHf‘d yie*ld olitaiiu'd afte»r the* applicafiem (ef manganc'se 
ceanpeamdH to a sod is dm* to its ae‘ee*le*rating tin* action ejf tla* 
iiitrogeiefixing organisms of the soil. 

Organic Soil Coastitueiits. I(e*e*(l feamei urea, glyesHisb feuanainid, 
and alliuitoin active in defiressing nitrogem-fixation. d'liis la* 
aftrihute*s to the* (‘ompoUfids furnishing the. Azdlohuvlrr a.ii available* 
soiiree* of eomlaned nitrogeai and not to a elin*et tecxicity. fhit 
Widteui found that the* addition of nre*a, pe*pfe»n<‘, a.e*etami<l, aspar- 
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agin, and casein to culture media had only a slight influence on the 
fixation of nitrogen by Azotobacter. 

Caffeine, alloxan, betain, trimethylamin, legumin, cinnamic acid, 
aspartic acid, asparagin, hippuric acid, creatin, creatinin, xanthin, 
and hypoxanthin, are all toxic to Azotobacter even in small quantities. 
Only the first two have been tested in concentrations dilute enough 
to stimulate, which is remarkable, as many of these compounds 
stimulate the higher plants and some can be utilized directly by 
the plant. 

Esculin, vanillin, daphnetin, cumarin, pyrocatechin, heliotropin, 
arbutin, resorcin, pyrogallol, phloroglucin, hydroquinon, salicylic 
aldehyd, oxalic acid, quinic acid, dihydrostearic acid, rhamnose 
and borneol, on the other hand, do not stimulate in any concentra¬ 
tion. Nor are they toxic until fairly large quantities have been 
added. In this regard the nitrogen-fixing organisms, appear to differ 
widely from the nitrifying bacteria and higher plants. The resist¬ 
ance of the nitrogen-fixers to various chemicals has likewise been 
called to our attention by Lipman in his study of the influence of 
alkalies on nitrogen-fixation. 

Influence of Colloids.— It was recognized early in the study of 
nitrogen-fixation that when sterilized soil is added to a nutritive 
medium it greatly increased the quantity of nitrogen fixed. This 
condition is due to several factors and is partly explained by 
Krzemieniewski’s results wherein he found that nitrogen-fixation is 
decidedly increased by the addition of soil humus, either as free 
humic acid or as salts of potassium, sodium or calcium. Kaserer 
maintains that this is. due to the inorganic nutrients, especially to 
aluminum and silicic acid supplied to the microorganisms through 
the humus. This is probably true in part, for the fixation varies with 
the humus derived from different sources. Moreover, artificial 
humus, prepared by boiling sugar with acids, fails to stimulate. 

That much of the beneficial effect is due to the constituents in the 
humus appears likely from the results obtained by Sbhngen who 
found that colloidal iron oxid, aluminum oxid, and silicon oxid all 
greatly stimulated the nitrogen-fixing powers of Azotobacter chrod- 
coccum. This he attributed to the absorption of oxygen and nitrogen 
by the colloid, which he maintains would make them more readily 
available to the organisms. The boiling of natural humus with 
hydrochloric acid would either remove the foreign material or change 
it from the colloidal form, and thus, as has been found to be the 
case, render it inert. Lohnis and Green take exception to this 
explanation, for they found no adsorptive action exerted by humus 
on either the nitrogen or the oxygen. Furthermore, Rosing found 
that he could stimulate just as effectively with iron as with humic 
acids. But much larger quantities of colloidal iron are required 
when it is used singly than when used in conjunction with an organic 
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colloid, d'hc extent of tli(‘ stinnilntion resultirijL!: \'i‘iries wit !i t In* form 
hi which the inui is applied and is most (‘deetiva* in the* forni of the 
hydroxid and in the pres(aiee of cane su^ar. In this eas(^ it is 
prohahI(‘ that the sa<*eharate is tin* a<*ti\(‘ snhsta,ne<‘. IIene<\ the 
eontradietorv r<‘sults r<*porte<l may 1 h‘ dn<‘ to the* dillerent min« 
eral eemstitnents of tin* humus. 

d liese ta<‘t,s iuak(* it e(‘rtain that colloids of th(‘ nndals act as 
stininlarits to nitro^im-fixing ha('t<‘ria, as do(*s also ca’ude humus. 
C arelully |)urified humafes do not pos.s(‘Ss tin’s prop(a*t\’, hut it is 
possessed t)y th<* a<pH‘ous (‘xtra(’t, tin* alcoholic extract, Jind tin* 
phosphotungstie fraction (»f tlnMupnanis extra(*t from “ haet(‘riz<*d” 
peat. Wladher this iiifhaan’c* is due to a <*atalytie <*lf(‘r*t, as sugg(*st(*<l 
hy Srdnigen, ov wln*tlH‘r tin* suhstanee furnish(‘d a <lireet sourei* of 
nutritive* mat<‘rial is not <‘lear at tin* pres<*nt time*. 

Meax‘ov(*r, the colloid may a<*f as a prot<‘ction to tin* organism 
against {)ois(m; for, wh<*n 10 parts |H*r million of soluble ar.s(*nic is 
maintained in a soil, it acts as a stimulant to AztiEiharfrr. If, how- 
ev(‘r, this proportion is added to tin* Ashby nutriti v<* solution it steeps 
all nitrogen-fixatiem. Hiis is dm* in part to the adsorption of tin* 
arsenic h\ the .soil. Idas adsorption wouhl have to In* attributed 
largely to the* silica (*ompoumls, for tin* nitrog<*n-lixing organisms arc 
Htimulnl(*d by arsc»nic' in epiart'/ free* from organic colloids, dins 
eeatld reinlily be due to the ars(*nic b<*eoming concentrated at the 
surface* layeTs of the silica, l<‘aviug the inner part of tin* wat<‘r film 
comparatively fren* from ar.senie, in whieli part of tin* wat<‘r film tin* 
mierodrpnisms miiltifdy and carry on ilwir metalndie* pnnnxsses. 
This being the (’itse, oin* slmuld and probably ('ouhl find a wat<*r 
solution weak e*noiigli to stimulates I)aete*ria. A gre*at <liflVre‘ne‘e*, 
liowever, lH»twe*en tin* sedutiem and the* sand-eulture* me^tlnnl is tin* 
greateTimration in the* saucL That the* ae*ra,ti<m of a eulture* meslimn 
doe*s play an important part in determining the* activity of tin* 
nitrogem-fixing powe*rH ed a soil is strikingly l)ronght emt in Fig. IS, 
page* 12d. 

Sources of l^ergy for the Azotobacter. ddn* nitr<^ge*ii4ixing organ- 
Lsans differ wide*ly from cdln*r plants in them* (*ne*rgy re*(|nire*me‘nts. 
This is due in the fac't that the‘y iire^ (*arrying em endothermic re*ue*- 
lions in w!iie*h nitrejgi*n is eonee*rne*d. d’his ne*(*exssitateH a gre*ater 
siipi>ly of e*ne*rgy than i.s re(|uir<*d l>y othe*r bae*te*ria. dli<*y are* 
siniilar to merst other bacteria in that tfiis <*m*rgy must be* supplied 
JUI organic preferably ono of flic earhohydrnles, 

Herfheiot. in hi,s<‘arly work niuintuitied tliiit tin- gaiitM in nitrogcji 
noted in .some soils were due to thi? iietion of l)iol(»gieul agents on 
tile humus ot the soil. 1 his was followed hy th<! ohst^rvution of 
other.s thiit when forest leaves are allowed to de<'ompos<! in soil tliere 
is an inenuise in its nitrogen eontent. Koch in 1007 increased 
lutrogeu-fixation hy the addition to soil of <lextrose, eane sugar or 
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sfarrlj, hill tljprr wa ■; pniffirallv no iiimva-.r uiirn filirr 

|>a.|>f*r <a* hnrkwhral \va ■; ap|^li<*ii. Vri Sfokl;i-;a ihjf f||,. 

(kf(‘niripus!liuii prniiurt. ol‘ thf .-tihaaun-, arft-,| a - a U'iiiiai4i' 
SfHin-c (?f Ifi fhr , afaJ Sf rafia.k r'unJtlrml i!iaJ tin- 

|H*rifasanH c^f Ihc^ suil am af tin* iiiiparlain’f in liir -Kiniila.- 

linn nf h\‘ soil Imrfrria. 

A fair i(lf*aof ihoK^’oat varif'ly aial miafiVfM*l!irio{ir\^ f>! >aib:4aiii‘i‘-- 
'which may serve as a. sonre«* of energy to t lie a/.o!iers may !>«^ cjIi! aiiii'«| 
frcmi^the work «»f Lilhnis am! Ptllai. lliey iie»;-fi!aff'tl a inif.rifivr 
solution with HI ot soil and alter fen day'4 de'ieffniin-’il ihi* 
in nitro^am. 
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Other WKrki i'j, have m.tei! lar^iT {'ain. nf i)i»r(t;>eti than lh>*.e 
noted hy Loliiiis and I’illai. hiil ihev eaii readily he atirilailed to thr 
time of iiir'ithalion in thi* ea a-, fen dii\-i heitifj far loo diorf for the 
conijili’te iifilizatioji of the earhonaeeoiiH ^iihstaiiee apjilietl. flu- 
siM-eies of nitroKr-ti-liver, vvhieli are hrinuiny' ahmit the ehariKe. atid 
whether imn- t»r ini\ed eiilture,, are um iI. 'Fhe order «>f elli-efiv ene ,< 
noted above, however, in that reeofjni/.ed hy tnost worker-. Brown 
and Allison, however, do rejHMt renjlf-, in whieh greater livafion 
wa.s vihfaiiK-d vvifli dextrose fhan with rmiiiiiite. But in thi- ea-e, 
eideiuiu or .sealifun earboiinle si eins to he even more Jieees ,arv than 
it i.s with the mantvite. .Moreover, some sjaieies niilize one rarhi*- 
hydrute imtHt eireetively ami another speeies a different om-. 'fo 
thi.s Ibt may !«; added mnlale, gum tragaeanth. ethylene glveol. 
methyl, ethyl, anti propyl aleoliolH, laetie, mulie, Hiieeinie atid glv- 
collie iieidH. Fatty aeids are readily utilizwl, the atriftiitit of nilrogeti 
fixed being gr«;uter with tla; iiierea.Hefi imdeeular weight, from ! i" 
mgim witlv formit; aeid, to fi.OH ingm. with butyric: neid. Mont of the 
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naturally occurring glucosides and many benzin derivatives are 
unsuitable as sources of energy for Azotobacter. Molasses, which 
should serve as a useful source of energy, often results in a loss of 
nitrogen when applied to the soil. This may be due to the time of 
applying, for Peck maintains that molasses applied to a land lying 
fallow at an interval of several weeks before planting of the crop 
may produce beneficial results by increasing nitrogen-fixation. 

Beijerinck early recognized that certain decomposition products 
of cellulose can also serve as sources of energy for Azotobacter, and 
Pringsheim found that Clostridium americanum does not fix atmos¬ 
pheric nitrogen on sterilized cellulose unless other carbohydrates 
like dextrose, lactose, mannitol, or sucrose are present. Plowever, 
in the presence of cellulose, Clostridium will fix nitrogen and this 
more efficiently than it will in the regular carbohydrate medium. 
The same holds for agar. Just how completely cellulose must be 
broken down before it can be utilized by Azotobacter is not definitely 
known, but it is known that Azotobacter cannot utilize cellobiose 
except when grown in conjunction with Asyergillus niger or other 
organisms. It is, therefore, certain that the products which are 
utilized by the Azotobacter are comparatively simple. 

Cellulose when applied to the soil may serve as a valuable source 
of energy, provided sufficient time is allowed for its decomposition. 
The cellulose ferment is probably the most efficient organism in the 
soil in bringing about this decomposition. But the number of soil 
fungi which possess this power is large. 

Hoppe Seyler thinks that cellulose is decomposed according to the 
following formula: (a) the hydration of the cellulose with the 
formation of hexose, 

(C6H10O5-I-H2O ==C«Hi206. 

the destruction of the carbohydrate with the formation of equal 
quantities of carbon dioxid'and methane. 

C6Hi206->3C02+3CH4 

None of the cellulose ferments studied by McBeth, however, yielded 
gaseous products when acting on cellulose or sugar; hence the 
Azotobacter probably gets from the cellulose ferments, pentoses 
and hexoses, and similar products upon which they can readily fix 
nitrogen. 

At times in fermenting straw and manure, the thermophilic 
anaerobic bacteria play a major part, in which case fatty acids 
probably make up the greater part of the end products. 

It is claimed by Dvarak that substances with low carbon and high 
oxygen content are usually the best sources of energy for A. chrob- 
coccum, which assimilated 5.73 mgm. of free nitrogen per 100 gm. 
of carbon in pine leaves as compared with 1237.9 mgm. per 100 gm. 
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of (‘arl>oii in r<‘(l cIovcm*. I1(‘ for oflirr sjihsf;airc‘s the* 

follow! n^sults: 

I loiLr) of iiilro^<‘ii jht lOO^rn. asgluc'osf^ 

2S{).1 rn^'ni. of nitro^(‘ii pea* KH) ^in. as (aaaistalks. 
r)9(L<S of nitrogen pea* KHli^rn. in stalks and root nssidurs of 

corn. 

1^20.4 tugni. of nitro/i:cH pea* 100 gin. in wheait straw. 

Odie^ carhori " nitrogeai ratio in coinpeanidsis no indieaition of tlnar 
valuer to nitre^geai-fixing organisms, for neai«le‘guinin(mH hays and 
straws are^ iitili/.eal just as edlcctive^Iy as an‘ ihv Ie*gnine*.s. Moe^kcrielgo 
foniid that tlw ratie)S of nitrejgeai fixeal to the* head c»f (aanljiisf ion with 
the lour leave*!* fatty' aeads is almost constant, llie* same laalels true* 
with starch, d(*xtrin, anel gum arahie*, wht*n allenvance* is made* for 
e*xjK*rime‘nial ea*ror, which is gr(ad<‘r with t!H*s<* e-onipounds tlian 
witli the* sim]>le*r eaiinpounds. O'his clemc re*Iationship is imt, lienv-- 
(*V(*r% graduat(‘<l and no such uniformity is ohscrvoel wit It tlte* s(a‘ie‘s 
of ineme)hydri(* alcedieels. 

Ola* (juantity of nitre)g(*n fixed |H‘r gram <4 carhohyelrate varies 
greaitly with tia* spe‘ci(*s. VVifa)gradHky fourai ('hmtrklium piUHivurin-^ 
nmn te) assimilate* 2 te> Z mgms. of nitroge*n ha* e*ae*h grain (jf sugar. 
But this like* otfa‘r anae*re»hic organisms is ve*ry wasteful e»f e*iH*rgy, 
le‘aving much of it in the butyric ac*i<i, ae(*tic a(*iel, ara! butyl aleediol 
feirnu'd. In the* expeTiments of Iir<*dc*mann with H. amifl^dHtrtrr ami 
of Pringsla*im with (*l(hitrlfltiiNi anuTieaHum, the* amounts fixesl were* 
at time's much large*!*. Mu<*h gre*ate*r fixations have* bi'cn r<*jH»rte*«l 
witli Azatolmvivr, and Lipman hasobtaineei as lugh as lo te^ 2fl mgiiis. 
of nitrogen per gram of mannite assimiiateMi h> J. rindandiL O’his 
quautity is eonside'rahly gr<*at(*r than tlud fixed by any of the* eithi'r 
rneunbers of t he* group. 

Jxoch and Se*yde*I elaim that the* usual mi'thoel of estimating tin* 
nitroge»u-fixiiig |Knv<*rs of Azdnharkr is c»rrone*oiiH, as it d<H*H not 
re*pre*se‘nt aceuratc'ly tlie* inte'nsity of the* j>ro(*e*sH. In a seri«*H of 
e*xp(*rim(*nts made by theau, t!u* iiinounts (4 nitroge*n fixisl per gram 
of ele'Xtrose* usexl w<*re fag 70 to KO, 20 to :{0, and 5 te> K mgms. on flic 
firstt sex’ond, third, Heventli, and eighth days, re*s|H*etive‘ly. 

Krainsky <‘onHi(Ier.H that the*re should lie suffieient orgaiiie iiiiitter 
in tlm soil to |H*rmit that feir 1 part of nitrogen forima! flierre %vill be 
00 parts of carbon for the urn of tlie organism. 'The organisms, liciw- 
ever, utilize the earbohydratim inore^ e*eonomic*iilIy only Hiniill 
quantities are prestmt. Walton finds witli Indian soil tliiit liigheHt 
fixation is obtained |K*r gram of mannite wlien lOgramsareniscslin 
1 liter of nutritive solution- Young, vigorously growing eii!tiirc?H 
usually fix more nitrogen than the older ones. The! nitrogen fixed 
is peatest in the first stages of the growth of the organisiiis, as is 
seen from Mg- 33 from the work of Omelianski. 

The efficiency of these organisms is, therefore, greatest when they 
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are rapidly multiplying, and it decreases as their metabolic ])ro(lucts 
accumulate. Hoffmann and Hammer claim this to he due in imi)urc 
cultures to a loss of nitrogen or free ammonia occasioned by the 
decomposition of the cells of Azotohacter. This explanation would 
hardly hold in the presence of pure cultures, unless we ascribe the 
breaking down to an autolytic ferment secreted by the Azotohacter 
cell. According to Koch and Seydel this indicates that in the latter 
stages of fixation, when there occurs an accumulation of nitrogenous 
material in the medium, the organisms employ the carbohydrates 
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Fig. 33.—Graph showing the fixation of nitrogen and decomposition of sugar in 
mixed cultures of Azotohacter chrodcoccum and Clostridium pasteurianum. 


for other pm-poses than for nitrogen-fixation. Under natural con¬ 
ditions in the soil this accumulation and concentration of nitrogenous 
material hy the Azotohacter is not likely to occur; hence, they assume 
that the organism will continue fixing nitrogen at the high ratio 
• noted in the early part of laboratory experiments. 

The quantity of nitrogen fixed, however, is dependent upon factors 
other than the source of energy; e. g., Krzemieniewski found with 
A. chrodcoccum that the addition of humates to the cultural solutions 
increased the nitrogen fixed from a maximum of 2.4 mgm. to 14.9 
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mgm. Moreover, Krainsky found Azotohacter to utilize from 100 
to 200 gm. of sugar in the assimilation of 1 gm. nitrogen when 
grown in solution, but when grown on sand it required only 11 to 
30 gm. for the same fixation. 

They utilize their energy more economically in the presence of a 
liberal supply of phosphorus than when the quantity of available 
phosphorus is limited. This accounts, in a measure, for the high 
fixation noted in most Utah soils. 

Manure.—It has been known for a long time that humus exerts 
a highly favorable effect on nitrogen-fixation. The great question, 
however, has been as to the manner of action. Humus, being such 
a complex, variable substance, varies greatly in action, depending 
upon its source. Remy considered that some of the products from 
humus are favorable sources of organic matter for Azotohacter. 
Definite and valuable information is furnished by the work of 
Lohnis and Green. They worked with mixed cultures of A. chroo- 
coccum, A. heijerinckii, A. vinelandiiy and A. vitrium in Beijerinck’s 
mannite solution with various forms of organic matter. 

Nitrogen fixed in 
100 cc. of solution 


Material. after 3 weeks. 

mgm. 

Fresh, straw.10.0 

Fresh stable manure.9.8 

Fresh peat.9.3 

Green manure. 8.0 

Beijerinck’s mannite solution.5.6 


After humification, these substances were even more readily 
assimilated and the nitrogen-fixation was greater than when the 
unhumified substance was used. 

The same year Hanzawa published results which show that stable 
manure even up to 3 per cent, greatly stimulated bacterial activities. 
Green manure humus was found by him to be injurious. From this 
it is certain that humus can act as a source of energy and usually 
stimulates bacteria, but the extent is governed largely by its com¬ 
position and by the quantity of available combined nitrogen which 
is being supplied with it to the organism. In addition to this, corn 
roots, cornstalks, oak leaves, lupine, alfalfa, maple leaves, and pine 
needles may all serve as a useful source of energy to the nitrogen¬ 
fixing organisms. Apparently, the tissues from the non-legume 
give a greater gain than do those from the legumes. Fulmer has 
recently confirmed these results. 

The influence of stable manure upon the nitrogen-fixing powers 
of the soil under field conditions is seen from the following table in 
which the quantity of nitrogen fixed in the unmanured soil has been 
taken as 100 per cent. 
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"rii<*sp Tfsiiits indicate (’learly that, stabh' inanur(‘ lias a, (Kaieficial 
ellVc't ujHHi th(* nitrogtai-fix’m^ powers of the soil, ()nt if usctd in 
large* (piaiititi<‘S the* hen<‘fit is not so proncaniee^el as if us(*d in sinall(*r 
({nantiru‘s. 

dliis decrease* in nitrogeai-fixation with incr<*as(Ml additions of 
inannre imist he ceaisideTCMl as due to its jdiysical edh^d. upon th<* 
seal, fur Richards foinal that Azotahacter grow and fix nitrogeni in 
lairsf* nianure wluai it is wedi aerated and contains suflicieait moisture* 
and e'alcinrn carlHaiate*, d'he*re^ is, too, a closer counea'tion hed;wc<‘n 
tlie dif‘t aial tlie* edl’ect. I I(a*s(*s feel e)n eiats ga,ve lece^s which i!idu(‘ed 
the* greatest fixatiem; !iors(*s on grass ne*xt; cattle* r(‘(‘(*iving oatrnend 
e*ake third; Imt tlie^ fi;ce*s from cattles led on grass [>roved nnsuitablex 
Manures oftem e’ontaiii riitrogendixing organisms e>f consideral)Ic 
aetivit.v, d'lu'ir activity appcairs to het gr(*ate‘st in lermemting rna- 
nnre*H inixe*tl with straw wiiich seu’veis as a, source* e)r eaie^rgy. 

Altlioiigfi Fuirn(‘r and Fre*d were* unahle* to find Aztdohador in any 
(»f tlie! sanipltfs of manure* e*xamin<*el, the^y elid ol>tain many nitrogen¬ 
fixing lauderia freun it. Onet of the*se^ organisms, fea* whic*h tleey 
sugg<*steei the name e#f IL nzophilr, is as ediieieni in fixing nitre^gem 
as is sizuitfbaeier. dltis would make it app<‘ar that nninure* may often 
mrry to the soil nitreigen-fixing organisms. 

Metabolism of AMtobacter.” Mueh time* has heaai giv(*n to a study 
of the metnhedism of Amtahwfkr, yet our knowIe*dge* of this subject 
is far from satisfaetofy. It is well known that the^ organisms oxidii'c 
llm various carl)oIiydrate*s and with tlie eneu’gy thus obtained build 
up eamiplex nitr<egi*ii e*ompounds. Hcctlielot (;arly rc*eoguized that 
the nitrogen so fixeel is insoluble in water, thus iudi(‘ating its protesn 
natiiri*. lipman foimel that there was a small but apiireeaable 
e|naiitity of nitrogen in Imth yeumgand edd emltun*s of /I, mmiamlii 
not precdpitiited by leiiel aee^tafe and a large proportion not ]ire(‘ipi- 
tated by piiosiihotuiigstie! or hy tarmie? aeiel. Further work in(]ie*a.t<*d 
that the siibstanecs wece (*ithetr arnino-aeids or eompara,lively simple* 
pei>tids. I fit eonsideceid that one; of the e;arly Hubstan(*es synthe*Hiz(*d 
I)y tliese orgsinisms is alanin. An analysis of the; Azotahader mean- 
brane^ gave the* fedlowing recsults: 

.VilfoUf’fi a« _ ^ Nitrogi'n m M^O 'ftiiftl pw amt. 

Ammnmm liMi*’ Nitrogi-n Niirotsi’U erwipitiii*? Nitmg^r) 

rent, jx?r ciint, imr jji^r mat. I»i«r ©6at. 

e.tlS 2.70 fl.riil 0.42 10.45 
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li(‘ finds cormspoiids n‘inarkal)l>‘ closrly u itli tliaf nl Ir^ninnn. 
Kx]KTini(‘nts with plants iiulicafn that tin* nitn>;ri‘n 4>| thr Azdu- 
hacter (*(‘lls is not nsidily assiniilated. 

Slnklasa. tonnd tlH‘ Azolnhttctd' crlls tn runt a in pii’ riaii. of 
total nitr()^<‘ii and S.() ]><‘r (‘(‘iit. ash. A Ih‘ ash rtailainrd tnan .jS 
to ()2.:ir) p(‘r oent. of ])hos|>li<»ri(‘ aoid. Nitro^n*n and pliiridiraii-, 
were mainly in tin* Umn of !ni(‘l(‘o-i>rot(*ins and Itanlhin, 1 hr |yr- 
eentaK<‘ <>f l><>th nitro^cm and phosphorus in tin* mil inrrea r witli 
ag(‘. 

d^iemost eoniph'te analyses of the dt'f/yJ/ur/rr erlhs far ri^porfed. 
show theun to contain wheai ^ntwii on <le\trin apir and raf idl> 
dried at Aif tJ.fid ]H‘r (*(‘nt. of water, I.I2 per t'eiit. «»f ash, iimi 

I2.t)2 ]K‘r cent, of protean. The* protf‘in is similar te» other plant 
prote*ins. It eejiitains H) per ee-nt. of ammonia nitrf»u<*m 2ti.d |M'r 
e*eut e>f diamino-nitrogean and (H) p(*r eamt. <»f monoamiiio-nitn^i^eii, 
Theejuautity of lysin pn*se‘nt is V(*ry hi^h, hut the histieliii is presrni 
only in traee‘s. 

Krze‘mi<‘nie‘wski state‘s that ATJittArndvr pre>diiees no hydreigen or 
()the*r eonihustihle* leases in its metaholism, hut nec'emling ff» StokhiHii 
it d()(*s, and in the* pre*s(*nee* ejf nitrate's if pnaima-s ammonia and 
nitrite's. Mole*r claims that elnriiijr its life*, A. sf^parates 

no soluble eompoumls, and it is only after eieafh that it fiiriiiHlitsH 
nitreigen to lii|i;h<*r plants. Xor are the*ir l>odie*s readil\ hrokeii 
down hy proteolytie cmzym<*s. Both A. fiffiliji atrd A. thirlfimlil 
se])arute a soluble eomponnek I1ie pnetein e'ompoiimiH >o formed 
in soil are? epiiekly hroke'n down by eeflier haete*ria, l{eifiy eonsiderH 
the? nitroKen fixed l)y .ko/n/atr/er in a readily atailahle fi*rm for 
plant assimilation. Be»ije*rinek found tluit ott per eeiif. of flee fofiil 
nitrogen in Aztdffharter <‘<*lls when supplieal to the soil is nitrified in 
abenit Heve?n weeks. Name* of the Azof^ilmHrr so fur Htmlhsl prodiU'e 
nitrate?s in the? meslia. 

Turning now to the* breaking efown of the ejirhiehydriiles. \vv find 
that the? organisms produce* etliyl aIe*oliot, gl\‘eoe*o!f, itee*fie acid, 
butyric? aeiek laetie acid, carbon dienxid ami hyelrogeun The epiiitifity 
and (luality of the? different prcHlue’ts vary witli tlie speeies iiiiii witli 
the (’arf)(>hyelratc? used. 

It is lik(?ly that many of the t?n«hproe!iiets have not Ihiui deter- 
mine?(l, for Stoklasa starting with irnfi gin. of dextrose* reenveref! 
7.9 as carbon dioxiel, O.d ns ethyl aleoheih th2 as foriiiie iieiil, It# ns 
a(*etic add, 0.2 as lae-tie acid, Init eamid not trini? thf? reiiiiiifiiiig ikll 
gm. The organisms are? c?xtreinely aetive? when growing tiiider 
appropriate <?(>nditions, for I gm. wa?ight of Amhkmkr lias evolved 
no less than l.A gm. of (?arb<>n dioxiel in twerity-foiir Iiiiiirs. A great 
distinction between the AmUflmster and the? other species is tliitl ifie 
former decornimse their sugar witli e?arbon dioxid as tlie eliit*! 
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pnHliK't, \vlH*r<‘as the other .speci(*.s])ro<lu<*(t largiMjuaot ilies ot hiit \ t u 
Scaiie of th(‘S(‘ products may he a<‘eount(‘<l lor as follows: 
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It is known that wluai sugars, su<‘h as glueos(% lt*vulos<* and mate* 
nos(* are a<’t(*d u]>on hy alkalies, th<‘n* are produeetl a great man> 
products, scanc* of wliieli are forinie, ('arhoni<% o\ali(', lactic, p\ riivic 
tartr(aii<\ malic*, rnalonic*, tartaric*, rihcaiic*, sac’charic*, and gluecanc' 
acicls in additicui tcj many other either m<»n* ca* lc‘ss c-cunjdc*^ c’om- 
pcainds. We c*an rf*adily ecmecdv(‘ that the* Az^fi^tlidcfrr taring * ahout 
a scamnvhat similar rtiu'tion, tfic* stage's, how<‘\ c»r, In'ing more* nic’c'l\ 
gc»vernecl, Ijeeatisc* of en 7 .ymc*s. Many of tin* prccduets would he* 
oxidizc'd to c*arhon clioxid and wnt<*r with the* liln'raticm <d c’m*rg> 
nf'ec'ssary for the* endothc'rinie nitrnge*n re*n<'tion; c»the*rs re*aclily 
re*aet with the re*sulting nitrc^geai eompeamds. We* are* c*cuiiph*fe‘ly m 
the dark as to what this first nitroge'U eompemnd is, hut we* kmav that 
the Jrofifhftrirr pemsess the* povv<*r cd changing nitrate's cu* nitrite's 
imci<*r approfiriate* eofaliticms into uniniemia. I p te» date* it lias he«'n 
imiHKHHilih* to dete*el nitrate* formation; ft is ne»t impossihh* that 
nitrate's are form<*d and uti!i74*d hy intraea’llular e•^7yme‘H. By iisiteg 
nitrate's, nitrites or ^unmonia, we* c*nn cdler a remgh <*xphination ed 
pn^tein iinahedtsm. 

''riie* eridothe*rmie re*ae’tiom 

sUiSih, 

may take place and the ammonia thns feerme*d nea> r<*ac‘t witli the 
dec'ompositioii i>reMluetH eef the sagars, pyruvic* acid for insliiiicis 
%vith thi* formation of alanin whic*h lapman eonsidered as erne ol 
the first proiluets: 

('111 .ecaUi 1 Sth e*Hr-e’HX ■ e’esoll -I' 

cun ■-(‘IIN'f - <Hi- c*HMI; csicifl 

or ivitli glyoxylic* ae*id forming glyc'oecdi: 

ncO' c*(aui S Nin H<‘XIf C’c-MHI ! lies 

riixn ■■ciioii f- fi. (lisn eiNUi 

By similar reiic'tions other amiiio-ac'ids may he* foriiied. ,!Miire- 
over, Witiclas mid Knoop have Hlicnvn tliat nii*thyliiiiadii7,iil iiiiiy lie 
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produced from glucose and ammonia, presumably through the 
formation of pyruvic aldehyd and formaldehyd: 

CH3 

I 

CO + 2 NH 3 + HCHO 

I 

CHO 

which is nearly related to the amino-acid/histidin: 


HN—C—CHs 


HC 


4 - 3H2O 


N—C—H 


H—N—C—CHa 

■411 

N—C—H 


4- CH.NH2COOH O I I 

' II II 

N—C—H 


H—N—C—CHo—CHNH2COOH 

II 


+ H2 


The various amino-acids may, through the intervention of pro- 
teinases, condense with the formation of dipeptids, thus: 

CHa—CHNH2COOH 4- CH3CHNH2COOH = 

CH3CHNH2CONHCHCH3COOH 4 - H2O 

By the continuation of this process and by condensing with phos¬ 
phorus and sulphur-bearing compounds, probably through the 
intervention of other enzymes, there may result the complex protein 
of the Azotdbacter cell. 

Pigment Production by Azotobacter.“~Most species of Azotohacter 
produce pigments. These vary in color from brown to black of the 
A, chrcoccccum to a yellow or orange of the A. mnelandii. The 
pigmented film usually develops on the culture media in from three 
to seven days. It is formed by A. chrodcoccum earlier and in more 
abundance where old brownish cultures are used as the inoculating 
material. The pigment is produced and retained within the bacterial 
cell; it occurs in neither the capsule nor the medium. The pigment 
produced hy A, chrodcoccum is most pronounced when a dextrin 
agar medium to which calcium carbonate is added is kept at a tem¬ 
perature of 30^^ C. under well aerated conditions. According to 
Jones, it is produced only when there is a lack of suitable available 
nutrient material and when organisms in the pigmented area have 
ceased to multiply. The color of the pigment is intensified if 
nitrates are added to the medium in which the organism is growing. 
The non-pigmented strains apparently fix nitrogen just as readily 
as do those which have not lost the power of forming pigments. 

The pigment from Azotohacter chrodcoccum is insoluble in water, 
alcohol, ether, chloroform, benzol, and carbon bisulphid. It dis¬ 
solves in alkalies, undergoing decomposition with the formation of 

'^ark brown solution. Sackett maintains that the peculiar brown- 
''lor which is characteristic of certain ''nitre spots’" of some soils 
to the pigment produced by Azotohacter, Such soils are high 
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in nitrates and alkalies which would dissolve the pigments from the 
body of the organism. But Omelianski and Sswewrowa are of the 
opinion that althought in some cases the dark color of vegetable 
soil may be due in a measure to the action of these microorganisms, 
it would be a mistake to attribute it to this factor alone. Further¬ 
more, it has recently been proved that the brown color of the 
^^nitre spots’" is due to solvent and decomposing action of the 
nitrates on the colored organic compounds of the soil, for they may 
be produced at will in a rich greenhouse soil with an excess of sodium 
nitrate, and this too in soils which have been rendered sterile with a 
saturated solution of mercuric chlorid. ^ 

Morphology of the Nitrogen-fixing Organisms.^Of the many 
different bacteria which have been isolated and proved to have the 
ability to assimilate free nitrogen, Clostridium pasteurianum may be 
taken as a type of the anaerobic and Azotohacter chroococcum as a 
type of the aerobic. 

Clostridium pasteurianum is a short thick rod from 1.2 to 1.3 g 
in diameter and 1.5 to 2/x long in the young cells; the older spore- 
bearing cells take][on a spindle shape. The bacteria stain a violet 
brown with iodin. The spores when ripe are 1.6 a 6 long and 1.3m 
broad and often lie in a roughly triangular covering. The ripe 
spore escapes through the wall of the mother in a longitudinal 
direction. Their germination is polar. 

Azotohacter chroococcum occurs ordinarily as diplococci or short 
rounded rods 1 to 2 m thick and l.o to 3 m long, and according to 
Prazmowski the microorganism first presents itself in its vegetative 
stage as a bacterium, in the fruiting stage as a micrococcus, and 
possesses a nucleus which functions in the same way as that of higher 
animals. In the resting stage the nucleus assumes a globular form, 
having a strongly refractive nucleolus with clearly differentiated 
boundary layers. The individuality of the nucleus appears to be 
practically lost at times, because of its relation to the cytoplasm. 
The division of the nucleus marks the first stage of cell division. 
According to Bonazzi the organism shows peculiar granulations 
apparently not related to reproduction. These take the basic dyes 
and are neither fats, glycogen, starch nor chromatin,*but appear to 
be of metachromatic nature and seem to have their genesis in the 
nucleus. Their disposition in the cells is not constant but changes 
in different individuals. Involution forms occur and cell division 
is preceded by a simple form of mitosis. Some, but not all, varieties 
have been observed to form spores. The volutin bodies within the 
organism increase in number and size when the organisms are grown 
on media rich in nitrates. Hills supests that they may have some 
relation to nitrogen-fixation, but his results appear to oppose this 
view; whereas the addition of nitrates to a medium greatly increased 
the reproduction, it very materially decreased the ph\\sic)logical 
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efficiency of the organism. It seems, therefore, more likely that 
they are reserve protein material. 

Lohnis and Smith have recently observed that Azotohacter, in 
common with many other bacteria, pass through a life cycle which 
is not less complicated than those of other microorganisms. Under 
certain conditions they pass over into an amorphous or '' symplastic’ ’ 
stage, appearing under the microscope either as an unstainable or a 
readily stainable mass without any easily distinguishable organiza¬ 
tion, which, if not discarded as dead, later gives rise to new regenera¬ 
tive forms. They multiple not only by fission, but by the formation 
of gonidia. 

Clostridium pasteurianum grows readily in a vacuum on 
carrots. The organism also grows on sliced potatoes, but ordinarily 
is grown in an aqueous solution containing 1 gm. K3PO4, 0.5 gm. 
MgS 04 , 0.1 to 0.02 gm. NaCl, FeS 04 , and MnS 04 , and 1.0 gm. 
CaCOs, and 10 to 15 gms. of a suitable carbohydrate in 1 liter of 
water. One method used by Winogradsky in isolating 7i. Clostridium 
pasteurianum was to add garden soil to a non-nitrogenous solution 
and to allow a stream of nitrogen gas to pass through the solutions, 
after which several successive transfers were made into similar 
media. The final culture, after J?. Clostridium 2 )asteurianum had 
formed spores, was heated to 80° C. 

The organism ferments certain carbohydrates with the formation 
of butyric acid, acetic acid, carbon dioxid, and water. When grown 
in nutritive solution devoid of combined nitrogen, it assimilates 
atmospheric nitrogen. Although in pure cultures it is an anaerobe, 
in impure cultures it may fix nitrogen under aerobic conditions. In 
nature it occurs in connection with two other bacteria which do not 
possess the power of fixing nitrogen, and their nitrogen requirements 
are small. When in conjunction with these organisms, Clostridium 
pasteurianum has the ability of growing in the upper layers or soil 
and of assimilating free nitrogen. 

Azotobacter chroococcum grows readily on solid or liquid media, 
one of the best being: 

Per Cent. 

Monopotassium phosphate (neutralized to phenolphthalein by 


Sodium hydroxid.0.02 

Magnesium sulphate.0.02 

Sodium chlorid.0.'02 

Calcium sulphate.0.01 


Ferric chlorid (1 per cent, solution), 2 drops per 100 c.c. mannite 1.00 

The organism is readily isolated by seeding this medium with 
soil. After the characteristic membrane forms, it is transferred by 
dilution to a similar medium containing agar in which the charac¬ 
teristic brownish black colonies form readily. 

On mannite agar the colonies first appear as milk-white glistening 
drops, round and convex, which under a low magnification show 
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a coarsely granular structure extending to the margin. The colonies 
rapidly increase in size, and after a week or more become brown at 
the center with concentric rings alternating dark and white to the 
circumference and darker streaks radiating from the center outward. 
In old cultures, where the agar has partly dried up, the cells are often 
united in sarcina-like packets; the cell walls are much swollen and 
the contents are aggregated to a small ball at the center. At the 
same time giant cells, both round and elongated and filled with oil 
drops, can be seen. Often a number of involution forms are seen, 
drawn out with long threads and false septa. By successive 
dilutions and transfers, it may be obtained in pure culture, although 
at times considerable difficulty is experienced in freeing it from a 
small organism— radiobacter. 

Several difi'erent methods have been used for studying its nitro¬ 
gen-fixing powers: 

(a) Seeding into 100 c.c. of the medium given above and after a 
certain time determining the nitrogen. 

(h) The use of the same medium, but the addition of sufficient 
sand for the formation of sand slopes on which the organism can 
grow. 

(c) The addition of a definite quantity of a carbohydi'ate to a 
soil and the incubation of this. 

Each of these methods has its value. The first is much more 
readily handled in the final Kjeldahl determination, but the others 
give much higher results. 

Freudenreich found that when Azotohacter are grown upon gyp¬ 
sum, the gain in nitrogen is considerably in excess of that assimilated 
in the liquid media. Krainsky found Azotohacter to utilize from 100 
to 200 gm. of sugar in the assimilation of 1 gm. of nitrogen when 
grown in solution, but when grown on sand it required only 11 to 
30 gm. for the same fixation. Many other workers have noted 
similar variation when grown in the soil. Where the organisms 
have been grown on gypsum or soil, we may attribute the stimula¬ 
tion to certain soluble constituents, yet this explanation scarcely 
seems plausible when considered in relation to sand cultures. Three 
strains of Azotohacter were grown in Ashby’s mannite solution 
and sand (nearly pure silicon dioxid) to which Ashby’s solution was 
added, with the following results: 


Nitrogen fixed in Nitrogen fixed 

Ashby’s solution, in sand, 
nigm. mgni. 

AzoU)hacter A . 6.86 22.61 

Azotohacter B .. 5.00 12.00 

Azotohacter C.6.44 10.80 


Moreover, arsenic is very toxic in the solution, whereas when 
added to the soil or to pure quartz, in small quantities, it stimulates. 
Although the total quantities of nitrogen fixed under the two 
18 
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methods diiTer |i;reatly, the ndativc of tlu^ organisms is 

al)out the same in both eases, hi h^stiuj^ soils similar n‘sults ar(‘ 
obtaiiuHl, as may l)e seen from tla^ following rcssults, wliieh nrv th(‘ 
averages for several hundred determiu{tti()ns madt* on dillenuit soils 
l)y the two methods. 

Nitrofr.i’tj ftj£(*a in: 




10!) r.r. of A.'^i 


100 K»o. of H«>ii 

^■oIli!^iroIM^ I ' 

cptli of Snmpic. 

!..*> of loattrtilo, 

of joannit* 


niKin, 


Mrst foot,. 

. . . . , r>.*2H 

2. n 

Scooiul foot-. 

2.12 

0. 77 

Tliinl foot.. 

. 1. r>r> 

0. .'■j.S 


Although the greahu* aeration in the sand and soil (ailtun^ prohid>ly 
play a, great part, there is little doubt that the eolloids also assist. 

Relation of Azotobacter to other Organisms. In the (*arly study of 
nitrogen-fixation, thci view was held that alga^ growing on or near 
tlu^ surfacaj of soil are abh^ to fix nitrogim. Frank in bSSS had 
observed such a growth on sand (^xposcui to light au<l found tliat tli(‘ 
soil showed a (!()asideral)le iiKTease in nitrogcm. In ISI)2 Sehh’ising 
and Laurent iiroved, })otii by determining the* nitrogcm fixed by a 
soil in a closed v(‘ssel and by observing tlu^ diminution of the nitrogen 
gas in the enclosed air, that a soil (‘xiKistai t,f> light gains in nitrog(*n 
if alga^ are allowt^l to grow on the surfac(‘, and tliat the gain is 
confined to the niiper few millimeters, ''llnw did not, how<*vcT, 
employ a pune soil or pure (‘ultur(*s of algie. Kossowitseli, working 
with pur(^ (Miltunes of two grecm alga*, found no fixation, but c^bscTved 
a considerable iiuTeasc* of soil nitrogim vvh{*u thf*y were grown witli 
soil baetiTia. Lat(T, Kruger and Sehnei(l(*vvind, (*m|doying pun* 
eultur(‘S of many oth(*r (*liIorophye(*a*, olitained no nitrogen-fixation, 
n(*llri(*gel and Deherain had found a large* iner(*aHe in the nitrog(*u 
content of sand in ])ots wli(*ri exposes! to the* light, whi(*h was always 
aeeompaniesl by a dew(‘Iopment of alga*. In the* liglit of sueh n*Hults, 
the (‘onelusion lias Ihsmi resiehed that alga* alonet csnuiot assimilate* 
frea^ nitrogen, l>ut only in eon(*urrenee* with soil l)aete‘nu, tlie* forme*r 
producing ear})e)hydrat(‘s which art* u.se*el liy tlie* latter as a scairee* 
of energy for the nitrogeui-fixation. IIt‘inz(*ae-tually observe*d rapid 
fixation of nitrogem wlien cultur(*s of alga* were* inoeulatod with . 

Imder or other nitrogen-fixing organisms. Stoklasa found tliat Az^da-- 
barter are esp(H*ialIy abundant in soils having a vigeirous growtli of 
l)hu*-grc‘(*u alga*. Az(d(dm(der art* eiften abst*nt from virgin soils, 
but arcj always found in su(*h soils wh(*ii there is a vigeireais growth 
of alga*. Botte>mI(‘y claims that both Azotolmrier anel pHe‘U<lomonas 
li\'e* in true*, syinfiiosis with eyc*as. It, th(*reforc*, appeiirs ee*rtain 
that tlie nitrogen-fixing jxiwers of Azdoharter are gre*atly <*nhanef*d 
wh(*n growing witli alga*, l>ut the exact rolt^ jilayeel l>y eiie*h is ye*t to 
be* ex]>laiu<*d. lliis offers a rich and inviting field feu* reseiire*li. 

Nor is it alone in eeirnbination with alga* that them* organisms 
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mav grow and thus l>o iHauditod. H(Mj(a*iiK*k and van Dcldeu early 
rec*o‘nu/X‘(l that an appanait symbiosis exists Ixdwecai Azotobacter 
and^other baf’teria, ami that. th(‘ nit.rogen fix(‘d is eonsiderably 
greater in tin* inix(‘<i than in the pure enltures. This syinlnosis, 
though in nian> rast-s htaudicMal to Azotohnder, is not ('sscntial for 
nitrogen-fixaticm. l{adiohact<T, with which the Azotobacter are 
usually associat(‘d, have <Hily slight uitrog(ai-fixing ]>owers, yet they 
iricreasi^ tlu‘ nitrogen-lixirig pow<‘rs of Azotobacter, dlie (‘arlx)- 
hydrat(‘s disap|M‘ar more rapidly from mixed than from ])ure cultures 
and with a great<'r Jixation p(‘r gnim of carbohydrate utilized. 
There is also a greater fixation when two strains of Azotobacter are 
grown in (‘onjiinetion witli each other, dliis is especially marked in 
an aciuc'ons solution of mannitcx Il<‘sults have been r(‘|>orted where 
Azotobacter fixed twice as much in the ]>r(‘senee of IWudomonas as 
when grown alone. 

The mannca* in whieh this mutual hciiefit is exerted is not (dear. 
In some' ease's it may he* thie to the* associated organism rendciring 
more available the* earlKUiaecims material. 

Onudianski and Salimskov offer the following (explanation (* 011 - 
c(?rning tli(‘ asscK'iation of acirohie and anaerol)ie nitrogen-fixen’s: 

“The sync*rgetie aeti\ity of nitrogen-fixing and a,(!(*()m])anying 
rnierolx'S, is Ixtli in lahorattjry (‘X|>(Timents and muhn' natural 
conditions (cultivahh* stratum of the soil) of a different (‘haracto 
ac'cording to the* pr(^fHTti(*s <d’ th(‘ spe(d(*s taking part in thc^ process 
and thedr (‘nviroiimfuit; in both eas(‘s th<‘ Fumtion of tlie satcdlite 
organism seems to consist in fixing tlu^oxygcn of thci air and creating 
the anai'rohie (nviroiunmit for (fltjdrldlum padeMrmnum, The 
spcicdcvs add(‘d tin* c’liltunxs (A nitrogen-fixing rnicrolx'S sonuitiines 
supply th(‘ coinpoimds a! (airhon mxxhxl for th(^ pro(*ess of fixing 
nitrogen as cmcTgetie substantxx In th(‘ caise of thc^ eornhination: 
Azotobacter and Ohmtridlum pmieurianuin, tlie function of th(^ former 
is not cjonfimai to fixing the oxyg<‘n of tlu! air only, ami <x)ns(xpiently 
to creating an anaerobic emirouinent for tlui CbMridi/imi, Jiut this 
coinbinati(m is silst^ usttul iiiusnincli as it destroys the injurious 
products (}f disasHimiliificm cn^ated by the s(‘cond ((diiefly butyric 
acid) and maintains the action of the environment. (Azot()l)acter 
is alkaligcmic’ ami tin* CbmiridiuM aeidogenie.) 

“The satcdlite HiMxdc^s may also unfavorably affeett the nitrogen¬ 
fixing mierob(% edther thrcaigh |>rodiicts of assimilation or !)y eon- 
sumption of the (‘arlxm compoands uecxled by this inic^robci for 
nitrogen-fixing. Ida* fai<a*g(ti(* fixation of oxygem by thxi satellite 
aerobic species ereati's (conditions favorabhi to th(i dcivcdoprnent of 
(Jlostridmni paMeurlamirn, but at the same time hindc^rs the growtli 
of the Az(^tobn(ier, which is nc'cc^ssarily acirohie. 

“The form amhiwvd with tlie maximum vitality and at t,he saim^ 
time the most eomiimii form in wliieh eornhination ol the nitrogem- 
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fixing organisms takes place in the upper soil strata is that of sym¬ 
biosis between the aerobic and anaerobic nitrogen fixers, principally 
between Azotohacter and Clostridium pasteurianum. In spite of the 
opposite properties of the two species, their synergetic activity in 
the Tipper strata of the soil results in a harmonious mutual develop¬ 
ment producing the maximum economy in consumption of energetic 
substances.'' 

So far, little has been done to determine the relationship of 
Azotohacter to the higher plants, but it is interesting to note that 
Beijerinck has observed a distinct relationship between the distribu¬ 
tion of the organism and leguminous plants. Fischer suggests that 
some nitrogen-fixing bacteria presumably exist first as saprophytes, 
then as exoparasites in loose combination with green plants, then as 
endoparasites. Finally they develop the true symbiosis or root 
nodule bacilli. Hopkins has questioned whether there may not be a 
relationship between the legume bacteria and Azotohacter, 

The Influence of Vifz,ieT.— Azotohacter are very resistant to drying; 
they may be dried for a considerable time in a desiccator over sul¬ 
phuric acid. Pure cultures are just as resistant to drying as are mixed 
cultures. This would vary some with the media in which the 
bacteria are dried, for the survival of non-sporebearing bacteria in 
air-dry soil is due, in part, to the retention by the soil of moisture 
in the hygroscopic form. This, however, is not the only factor, for 
the longevity of bacteria in a solid is not directly proportional to its 
grain size and hygroscopic moisture. Giltner and Langworth found 
that bacteria resisted desiccation longer in a rich clay loam than in 
sand. Furthermore, if bacteria are suspended in the extract from 
a rich clay loam before being subjected to desiccation in sand, they 
live longer than if subjected to dessiccation after suspension in a 
physiological salt solution. Because of this, they consider that soils 
contain substances which have a protective influence upon bacteria, 
subject to desiccation. 

Lipman and Burgess have found that many soils manifest a vigor¬ 
ous nitrogen-fixing power even after being air-dried and kept in 
stoppered museum bottles for periods varying from five to twenty 
years. In some cases the fixation was equally as high as in freshly- 
collected samples. The organisms from such soils are more easily 
attenuated than are other organisms which have not been so dried. 
The tendency is for soils gradually to decline in nitrogen-fixing 
power or drying. This may manifest itself as early as the second 
week. 

During the periods of drying, the organisms are inactive, as they 
require moisture for growth and reproduction. For maximum 
nitrogen-fixation a definite moisture content is needed. Warmbold 
found the optimum moisture content to be 20 per cent. When it was 
below 10 per^cent. there was no nitrogen fixed, and in some cases 
there was a decided loss of nitrogem Krainsky allowed soil with 
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varying moisture content to stand for some time and then inoculated 
it into mannite solutions and obtained maximum fixation in the soils 
containing fairly small quantities of water. Later, however, he 
decided that soil should be damp—but not wet—and well aerated 
for maximum nitrogen-fixation. The water requirements vary with 
difi*erent soils. As a general rule, the higher the humus content of 
the soil, the more water will be required for optimum nitrogen- 
fixation. The quantity of water present may, however, become so 
great that it may kill all Azotohacter in addition to stopping nitrogen- 
fixation. 

An insufficient supply of moisture checks both nitrification and 
nitrogen-fixation. This occurs in some soils when the water content 
has been reduced to 16.5 per cent. This again varies with the soil, 
for Schl5sing found bacterial activity less in fine-grained soils than 
in lighter, coarse-grained soils. A difference in moisture content 
of 1 per cent, according to Dafert and Bollinger, is sufficient to pro¬ 
duce a marked change in the oxidation going on in the soil. 

The moisture requirement of the nitrogen-fixing bacteria, accord¬ 
ing to Lipman and Sharp, is more nearly that of the ammonifying 
than of nitrifying organisms. In a sandy loam it was found to vary 
between 20 and 24 per cent, the anaerobic nitrogen-fixers are most 
active, but the action of the aerobes is slightly depressed. Thus, 
in many soils two maxima of nitrogen-fixation occur, depending upon 
whether the conditions are favorable for the anaerobic or aerobic 
organisms. 

Traaen’s results differ from Lipman's in showing only the one 
maximum, as is seen from the following, which gives the milligrams 
of nitrogen fixed in 100 gm. of soil. 

5 per cent. 10 per cent. 17.5 per cent. 25 per cent. 30 per cent. 


Temperature. H,0. H*0. H^O. H*0. HaO. 

13°C. 0.1 1.5 n .2 13.4 5.4 

25°C.1.9 1.9 13.2 16.6 15.5 


He used a loam soil with a maximum water capacity of 27.4 per 
cent. It is quite evident from his statement that anaerobic organ¬ 
isms played a prominent part in the fixation at the higher moisture 
contents. 

Since the carbohydrates disappeared much more rapidly in the 
soils containing the greater quantities of water, it is quite possible 
that greater quantities of nitrogen per gram of carbohydrate con¬ 
sumed are fixed where the smaller quantities of water are applied. 
This, together with the different methods used by the several 
investigators, would explain the apparent discrepancy in their 
results. 

In a series of pot experiments in which a calcareous loam receiving 
various amounts of water was used, the author found the moisture 
content for maximum nitrogen-fixation to lie between 15 and 22 per 
cent. These results also bring out the two maxima which were first 
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noted by Lipman. These soils were kept at the various moisture 
contents for four months. All were then incubated at 2S° C. for 
twenty-one days with a moisture content of 20 per cent. 


Treatment. 

Nitrogen fixed. 

Per cent. 

Per cent. 

12.5 

100 

15.0 

108 

17.5 

102 

20.5 

104 

22.5 

108 


In this soil the optimum for the aerobes would appear to be at 
17.5 per cent, and that for the anaerobes 22.5 per cent, or higher. 



Fig. 34.—^Average percentages of ammonia-and nitric nitrogen -j—hd""!" 

formed and nitrogen fixed-in soil receiving varying quantities of water. On 

the ordinate is given the per cent, increase of the respective substances and on the 
abscissa the quantity of water applied as per cent, of water-holding capacity. 
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When too large a quantity of water is applied there is a tendency 
to depress the total nitrogen fixed, as is illustrated by the following 
results in which various quantities of water were applied to a soil 
throughout the year under field conditions: 


Inches of 
water applied 
during summer. 

37.5 . 

25.0 . 

15.0 . 

None . 


Nitrogen fixed 
in 100 grams 
soil, 
rngm. 

. 1.4 

. 2.1 
. 8.5 

. 3.5 


The maximum for anaerobic conditions does not appear in these 
results probably because the soil did not become filled with water 
and because under field conditions the water rapidly drains away 
or is evaporated. There would seem to be a correlation between 
the water content of a soil as measured in terms of its water-holding 
capacity irrespective of physical composition and its nitrogen-fixing 
powers. This is brought out in Fig. 34 in which water requirements 
for ammonification, nitrification, and nitrogen-fixation are compared. 

Temperature.—Berthelot early recognized that the biological gain 
of nitrogen in soils is dependent upon a suitable temperature. 
He found nitrogen-fixation to occur best at summer temperatures 
between 50° and 104 F°. The process was immediately stopped on 
heating to 230° F. Later Thiele maintained that although Azoto-^ 
hacter possess the ability to fix small quantities of nitrogen under 
laboratory conditions, the temperature would be unfavorable under 
field conditions. Heinze, however, found that although the nitro¬ 
gen-assimilating organisms are most active at a temperature between 
20° C. and 30° C., they nevertheless fix appreciable quantities at 
temperatures as low as 8 to 10° C. Still more recent work has shown 
the optimum temperature to be 28° C. and the limits of activity of 
Azotobacter chrodcoccum to lie between 9° C. and 33° C. The actual 
quantitative variation in nitrogen fixed is seen from the results 
reported by Lohnis. He inoculated 100 c.c. of a 1 per cent, mannite 
soil extract with 10 gm. of soil and obtained the following fixation 
at the various temperatures: 

Nitrogen. 


Mgni. 

10° to 12° C.3.15 

20° to 22° C.4.55 

30° to 32° C. . ...4.27 


Better fixation at a lower temperature is noted when the soil is 
incubated and the gain in nitrogen determined directly.- Koch 
obtained fixations of 3 mgrn., 11 mgm., and 15.5 mgm. of nitrogen 
in 100 gm. of soil when incubated with a carbohydrate at 7° ('., 
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15 ® C., and 24 ® <^, ros] km‘ lively. Traavn, usini^^ a leniii sinl with a 
maximum water-holding eapaeity ot* 27.1 pia’ eeiit., o!)lain!‘d iratrly 
as great a lixation at 12° (h as at 25° (wluai t h(‘ o|>fiinum mtasiure 
content was maintained. Tliis is s(M‘n from the fofhjwing: 




.Xitro^en iixed in 101) gni. of 


Temperature. 

5 i)er cent. 

10 per eent. 

17.5 iHT e<*nt, 

25 per ri>nf. 

.'{!) pi*r 

H ), 


HaO. 

IIsO. 

mo. 



Mgiu. 


Mkhj. 

Mkiii 


13®C. . . 

. 0.1 

1.5 

11.2 

13.4 

5 1 

2,5® C. . . 

. 1.0 

1.0 

1:1.2 

in, 0 

15 5 


A temperature, favora])le (wam though not idciil for nitn>g(‘n- 
fixation, would ()(*eur in soils uialer natund (‘ondilions. Olie 
temperature of soil in Ttali during th<‘ montlis irS(‘pteinlH*r av(‘ragi‘d 
]4° r., with a minimum of 10® (h and a maximum of 17° (1 )uring 
June, Jul.y and August tlu^ mean t(‘mperatur(‘S would he* mm*li 
higher. 

The mean daily temperatures of the. soil for Bismarck, North 
Dakota; Key West, Florida; and N(‘W Iirunswi(‘k, Sew Jersey; for 
the months of Juik^, Jidy, August and S(*ptemher w(Te IS® ( 2S'' ( 
and 24.5® C., respectively. From this it is evichmt that during a 
consideral)le period of each y(‘ar an arable soil has a t<*mperature liigli 
enough for moderah'Iy ra]>id nitrogem-fixation. 

Although it is generally maintained that tlien‘ is nitrogen- 
fixation in soils during the winter months, cold or even freezing does 
not injure the organism; for th(‘ <M)oling of a soil, even to tlie tn»ezing 
l>oint, increases its nitrogen-fixing powers, dliis is pr< Jaihly t!m* to 
the sup]>ression of c()m])eting sp(‘ei(‘s and to the t‘staIdislinHmt of a 
new flora. Idie same is true when tli<^ soil is h(‘atefl, as may lie seen 
from the n^siilts given Ixdow. 


Temperature 

Nitrogen fixwl, 

dog. C. 

per ci?i»f. 

Normal 

5.11 

50 

0.00 

55 

14.14 

no 

10. as 

(15 

M.42 

70 

12.02 

75 

11 .:m 

SO 

12.00 

S5 

10.20 


This soil had been autoclavcxl and them inocmlated with a soil 
extract which liad l)e(m lumtcxl to the ti*m|Kmature inclic*ateiL The 
stimulation could not, tlierefore, have due to the !ii*at reralering 
more of tlie plant-food in the soil availahim Tim rcnsults indic'ate 
that many of tire organisms whirdi take part in nitnigcuefixatioii 
are highly resistant to heat. It is .significant that the greatest .Htiiriu- 
lation is exerted in a soil which had laten inoculated with Hoiiiiioiis 
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heated just above the temperature which Cunningham and Lohnis 
found to be the thermal death-point oi soil protozoa. 

Light and other Rays.—As a class, bacteria are sensitive to light, 
but the extent to which they can withstand it varies, among other 
things, with the conditions of exposure and the specific organism. 
Unfortunately, we have but fragmentary information concerning the 
effect of light upon azofiers, but what we do know would lead us to 
believe they are more resistant than many microorganisms—prob¬ 
ably more so than many other soil bacteria. Berthelot recognized 
that nitrogen-fixation in the soil occurred both in daylight and in 
darkness, though more freely in the light. Jones found many 
Azotobacter to be alive in a small Petri dish of dried soil that had 
stood in the laboratory in front of a south window for two years. 
They can withstand the direct action of the violet and of the longer 
ultraviolet rays for five minutes, but are killed in much less time by 
the shorter ultraviolet rays. They are more resistant even to these 
than are many other species. 

The fixation of elementary nitrogen by A. chroococcum is distinctly 
increased when the air is activated by pitchblende. Somewhat 
better results are obtained with weak than with stronger radio¬ 
active intensity. 

Aeration.—Under field conditions there is a mixed flora consisting 
of the anaerobic and aerobic nitrogen-fixing microorganisms. A 
soil condition which would be ideal for one species might be unfavor¬ 
able for the other. It has already been pointed out that there are 
two maxima of nitrogen-fixation in soils, depending upon the 
moisture content. This is illustrated in Figure 32. 

Although it is usually conceded that nitrogen-fixation is most 
rapid when soils are well aerated, this may not always be the case. 
Concerning this Murray reports the following results: 


Nit rogen fi xed 

Kind of soil. Aerobic Anaerobic 

conditions. . condition, 

mgm. mgm. 

Greenhouse soil. 0.84 8.50 

Loam soil. 3.08 5.29 

Clay soil. 0.84 4.09 


This condition must be attributed to a great difl*erence in the 
physiological efficiency of the two groups found in these particular 
soils and not to a lack of aerobic nitrogen-fixing organisms, for more 
than ten times the number of organisms developed on nitrogen- 
poor media from these soils under aerobic as under anaerobic condi¬ 
tions. 

Season.—Berthelot was unable to show any gain in nitrogen of 
his soils during the winter, but Koch found a considerable increase 
during this season in soils which were kept in a heap and shovelle<l 
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over from time to time. Loliuis ol)S(‘r\’e(l that Azatoharter m(‘m- 
braues are more rea,(lily ol)taiue(l in wiiitca* than in summer. II{‘ 
later found that the Jiitrogeu-fixiu^ power oF soil varit'S from mouth 
to month througliout th(i yea,i% th(‘r(^ l)ein/^ two maxima “oue in 
s])ring and another in antiurm. ddie (‘xt(‘ut of tlie \'ariation not(Ml 
may be seen from the followin^^' 


,iy0S-l<)04: Mnroh.100 

Miiy .121 

“ July.’'iO 

“ Septcrrihcr. 100 

1907: Apiil.100 

“ ia:i 

“ July-“Au^u«l.09 

“ Oc(.<^h{^^--N<^v(!^lh(^^.122 


The nOntivc^ niiriibcTH Jir<^ on lb(‘ Hin-in^ moiitliH as 100. 

(ri’ceu found nitrogen-fixation in I pereimt. mannite solution to be 
low during August, Septemlx'r and A])ril. In oth(‘r months he 
noted a fairly (‘onstant fixation of about 10 mgm. of nitrogem ptT 
gram of mannite. He also notxxl a marked ycairly variation in the 
nitrogen fixed during July and August. 

Walton found nitrogen-fixation low(‘st in Indian soil betvvcHui 
Oetolier and January and highest hetwetui June and S(‘pt(unber. 
ddiis eorres]>onds with moisture and temjxu’atun^ (Jnmges. Pederson 
has found that although the nitrogen-fixation of I ’tuh soils is highc'st 
from June to Sept(‘mh(T, the numlKu* of ty])(‘s of Az(d(thaHer occur¬ 
ring in the soil was greatest in May. Moll goes so far as to maintain 
from his work that tlie season of the y(‘ar is tlie princi])id factor in 
detenriining the hioeliemicad transformation in soils. This would 
ai)pear to he es])ecially true as regards nitrog(‘n-fixati(m. 

Crop.—Ileinze called att(‘ntion to th(‘ fact tluit tlu^ fallowing (d‘ tlu^ 
soil increased its nitrogem-fixing ]>ow(t. Tins (xadd l)e dm* to h(*tt(*r 
aeration, moisture, temjMTature, (dcr., and not to any <lepn*ssing 
influence exerted dir(*ctly by tlui ]>lant. Most (*xp(*rim(‘nts whicli 
deal with ])lant and bacterial activity cendd be int(*r{)r(*t(Hl in this 
light. IliltiKu* maintained that th<‘ free nitrog(*n-fixing ba(*t(*ria 
are stimulated in their a(*tiviti(‘s by the growing plant roots. Th(*n* 
may be* considcTable truth in this, for hen* tin* higher phints an* 
rapidly removing from the solution tlu* solubh* nitrogen compoimds. 
In this case, the nitrogen-fixing organisms would lie forced (*ithc*r to 
compete with the higher plant for the soil nitrogen or (*lsi* to make 
use of tlieir ability to live upon the atmos|)heric* nitrogen. It is 
certain that different cultural methods vary suffi(‘iently with crops 
to influence profoundly a soiFs nitrogtm-assimilating ]>ro|>erti(*s, 
for the Amtohaetrj <)(*eur more widely distril)uted in cultivated than 
in virgin soil. The analyses of hundreds of samples of (*ultivated 
and virgin soils in Utah have in nearly every (*ase shown the virgin 
soil to have a low nitrogen-fixing i)()wer as compared with the culti- 
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vated soil. This was the case even where the soil was incubated 
without carbohydrates and the nitrogen determined directly. The 
average results for many determinations were as follows: 

jMgm. of 
nitrogen fluid. 


Virgin soil.6.99 

Cultivated.14.28 

Wheat.•.11.83 

Alfalfa.12.24 

Fallow.22.81 


The fallow soil had received considerable manure, hence these 
results are undoubtedly high. It w^’ould, however, be possible to 
fallow or crop soils so continuously that extremely small quantities 
of plant residues would be returned to the soil, under which condi¬ 
tions there might be a decrease in nitrogen-fixation. The conditions 
of moisture and aeration are much more nearly ideal in a fallow soil 
than in a cropped soil. It is just possible that the high fixation 
noted where wheat is grown continuously may be due to the method 
in vogue in the arid districts of leaving the greater part of the straw 
on the soil. This would act as readily assimilable carbonaceous 
material for the Azotohacter, Welbel and Winkler have found that 
fallowing not only increases the assimilable nitrogen but also the 
available phosphorus of the soil, a liberal supply of wdiich causes the 
Azotohacter to utilize its energy more economically. That the 
increased nitrogen-fixation noted when soils are cultivated is not 
confined to the arid soil, is seen from the recent work of Reed 
and Williams. Brown’s work indicates that crop rotation increases 
the nitrogen-fixing powers of a soil. 

Climate.—It has been maintained for a long time that there is a 
close correlation between the chemical, physical, and biological 
transformations going on in a soil and the climatic conditions, but 
there was nothing definite on this subject until the highly interesting 
work of Lipman and Waynick appeared. They found a definite 
relationship betw^een climate and the nitrogen-fixing powers of a soil. 
Removal of C’alifornia soil to Kansas increased the vigor of the 
Azotohacter flora and especially that of A. chroococcuvi. It increased 
the nitrogen-fixation by 50 per cent, over that attained by the same 
soil in California. Similar results were obtained in California soils 
removed from Maryland. Kansas soil taken to California lost its 
power to produce a membrane in mannite solution, the Azotohacter 
flora became^rather feeble, and the nitrogen-fixing powders of tlie soil 
were greatly reduced. The removal of the Kansas soil to Maryland 
increased the vigor of the Azotohacter and induced a higher fixation 
of nitrogen. The Maryland soil in California diminishes in nitrogen- 
fixing powers, but not in so great a degree as does the Kansas soil. 
This also happened when the Maryland soil was taken to Kansas. 
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The bacterial flora of a soil, therefore, is (le])en(lent n])oii cliniatic 
conditions which affect many of the other |>ropcrties of a soil. 

Relationship of Azotobacter to Nitrate Accumulations.- 'riie fact 
that certain s])ots in western cultivated soils were ver\' rich in 
nitrates was first observed by Hilp^ard This he attribnt(‘d to the 
rapid nitrification of the organic matter of the soil In th(‘ warm arid 
climate of the West when tlic moisture limit was r(‘mo\'(‘d l)y 
irrigation. 

A number of years later Headdeii noted these ‘'nitre s])ots” in a 
number of Colorado soils, but he attrit)uted it to the fixati()n of 
atmospheric nitrogen by the non-syrnhiotict bacteria which find in 
the western soils ideal conditions for growtli and ra])id nitrogcai 
fixation. This conception has been furthcT ainplifi(.‘(l by H(‘add(‘n 
and also Sackett. In the early work by ncadden it is assumed 
that the Azotobacter not only fix the nitrogen l)ut also ]>nKluc<‘ the 
nitrates. It is known, however, that thes(‘ organisms do not ]>roduc(^ 
nitrates. 

Moreover, there are a number of other vital obj(‘ctions to this 
theory. (1) Lipman has shown that for tlu^ fixation of tin* quantity 
of nitrogen which Headden maintains to hav(‘ o(*curred, it would 
require from 1000 to 2000 tons of carboliydratc‘s. TIhtc^ is no sucli 
visible supply of energy in these* soils. True*, many of theses soils 
have a rich alga* flora, but it has not beem i)rov(‘d that this will 
furnish a sufficient supply of availaldc; (‘iiergy. (2) ''Phe average; 
amount of nitrogen fixecl in thirty-two sample's collected in tlie 
nitrate region was 7.4 mgrns. and the average nitrogen fix(*d in 
thirty-one samples of dry-farm alkali-free soil in I'tah was 12.2 
rngms. Yet there is no accumulation of nitrates in these latt(‘r 
soils. (3) The quantity of solu})le salts occurring is often sufHcieiit 
to stop the activity of all nitrogen-fixing organisms, if not to kill 
them. (4) The quantity of nitric nitrogen and of dilorin in any 
given "nitre spot” varies in the same spot from year to year or from 
period to period within a year. (5) The country rock adjacemt to 
the nitrate accumulations and whieffi has contributed to the soil 
formation contains abundance of nitrates to aceoimt for the accumu¬ 
lations noted. (6) Soils having a similar i)hy8ieal appearance may 
be produced in the laboratory in the absence of bacteria. Because 
of this, we must conclude that the accumulation of nitrates in si>ots 
in western soils have their origin as do other accumulations of 
soluble salts found in the soil and not in the fixation in phu^e by 
bacterial activity. 

Soil Inoculation.—High hope was entertained that the nitrogen 
problem in agriculture had been solved, when Caron announced tliiat 
he had prepared a culture of bacteria wliich would cnal)le non- 
leguminous jdants to utilize free atmospheric nitrogen, provided 
certain precautions were observed. Many of the results wliieh lie 
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reported on pot experiments were clearly in favor of the inoculated 
plant. Stoklasa was one of the first to study in detail the commercial 
preparation ‘"alinit” which was placed on the market as a result of 
Caron’s work. His findings were fully as favorable as Caron’s, 
but the work of others soon demonstrated that ''alinit” neither in 
the laboratory nor in the field had the ability to fix nitrogen. When 
Beijerinck discovered the free-living aerobic nitrogen-fixers, the hope 
that soil inoculation may be so perfected that it would be beneficial 
to crops was revived, and since that time many investigators have 
attempted to inoculate soil in order to increase its crop-producing 
powers, but usually with negative results. Stoklasa has made 
great claims for soil inoculation. He found that soils, inoculated 
with Azotobacter chroococcum and adequately supplied with carbo¬ 
hydrates and lime, showed an increase in the number of nitrogen- 
fixing organisms, and also an increased yield both in quantity and 
quality of the crop. Stranak also obtained a pronounced increase 
in the production of beets, grain, and potatoes on inoculating with 
AzotohoMer. 

There may be a decrease in the crop during the first year when 
carbohydrates and Azotobacter are added to the soil with a marked 
increase in crop during the second and third year. Even then, the 
soil may be left richer in nitrogen than it was at first. 

The effect of dextrose and sucrose on the productiveness and nitro¬ 
gen content of the soil is shown below: 


Carbohydrate added per 
100 gms. of soil. 

Crops obtained. 

Total 
nitrogen 
remained 
in crop, 
gm. 

Total 
nitrogen 
left in 
soil 

spring of 
1906, 
per cent. 

Nitrogen 

as 

nitrates, 
pts. per 
mil. 

Oats, 1905. 

1 1 

■Sugar beets, 1906. 1 

Dry 

matter. 

Yield of 
i nitrogen. 

1 Dry 
j matter. 

Yield of 
nitrogen. 

None. 

100.0 

100.0 

100.0 

100.0 

0.9514 

0.093 

10 

2 per cent, dextrose . 

32.8 

62.5 

186.0 

190.0 

0.6814 

0.105 1 

17 

2 per cent, sucrose^ 

33.3 

58.7 

179.0 

195.0 

0.6800 

0.105 i 

15 

4 per cent, sucrose 

37.7 

78.1 

283.0 

339.0 

1.0092 

0.119 

37 


It is often the case that the addition of starch to a soil during the 
first year retards plant growth. This injurious action may be due 
to the augmented bacterial activity in the soil brought about by the 
carbohydrates which injure the roots of the plant by withdrawing 
oxygen and by forming hydrogen sulphid in the deoxygenated 
atmosphere of the soil through the reduction of sulphates by the 
bacteria. 

The effect produced by the carbohydrate applications also varies 
with the season. If applied to the soil in the spring when the soil 
temperature is low and, whw other bacteria are more active than 
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Azotohacter, the results are tliat they ra]>i(lly niultiply and 
with the higher plants for the limited aA'a,iIal)l(‘ ])Iant-fo()d. If, 
however, the (‘arbohydrates are a.p]>Iied in tli(‘ autumn din‘etl\- 
after the removal of the ero]), when the soil is warm, Azotol)uet(‘r 
are active, with the result that sufH(*ieiit nitrognui is fix(‘d to produc(‘ 
an iiKTeased (*ro}) the following season. 

If the same (piantity of carbohydrates ])er unit of nilrog<‘n lix(‘(! 
l)e required by tlie organism under iiatiiraJ conditions, as an* found 
necessary in laboratory ex])erimeuts, enormous (juantiti(*s would be* 
required for the fixation of any consideraI)le (juantity of nitrogem; 
but it is ])()ssible that in the soil they are more (*(‘onoini(*al with tlH*ir 
energy or th(‘y may liv(^ in symbiosis with other (U'ganisms which 
furnish them ])art of tludr carbon. 

Many workers have noted either no (‘thut or (‘V(‘n a dc^trinumtal 
influeiK'e when soils are treahnl with tiu* carbohydrat(‘s and tlH‘n 
inoculated with jizotohadrr. This may lx* dm* in a great m(‘asun* to 
any or all of the following factors: (a) Absen(‘(‘ of a suitabh* 
environment, astcnqxTature, moistun*, aeration, fo(xl and alkalinity; 
(h) absence of a suitable host from wliich Azotohadrr may obtain 
part of its carbon; (a) injurious ellects dm^ to tin* dccoirjposition 
|)roducts of the earboliydratci added. 

Tliere is considerable interest in the work of Bottoml(‘y who 
uses bacterized peat, or humogen. The bact(‘nzing process consists 
of three stages: (a) Treatment of peat with a culture* solution of tin* 
special “humating” bacteria and an incubation of it at constant 
temperature for a week or ten days, during which p(Tiod solubh* 
hunuites are formed; (h) destruction of tin* humating baet<‘ria by 
sterilization with live steam; (r*J treatm(*nt of this sterilizixi peat, 
with mixed cultures of nitrogen-fixing organisms Azafnhdrfrr 
chnmomiM and Bmillm radicicAdn ami an in(*ubati(m at 2(P < k ha* 
a ftnv days, after which it is r(*ady for us(*. 

Theoreti(*ally, there is nni(*h in this process which n*conimi*nds it, 
for there is no abrupt change, in <*nvironm(*ntal conditions h>r the 
organism added, as would be the case when addcxl from laborateny 
culture. Moreover, they are added in enormous <|uantiti<‘.s and 
with a source of carbon which is not far different from that found in 
the soil. Russell, liowever, aft(T (‘arefully nivi(*wirig all of Itie 
experimental evidenee on the subjeet, ('onelud(*s: “dliiTe is no 
evidence that Iiumogeu possesses any special agri('ultural value*. 
There is not tlie least indication that it is fifty tim(*s as effective as 
farmyard manure, to c|uote an often re|)eat(*(l statemcmt, and there 
is nothing to show that it is any better than any otln*r organie 
manure witli the same nitrogen (*ontent.'' Furtli(*rmore, \m eon- 
eludes that there is no definite eviden(*(i that “ hact(*rization” really 
adds to the value of peat. 

The conclusion is evident that soil inoculation, in order to be 
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su('crr.>ruL niu f bV armuif h iIm' ivridcriii^ af tUr physical 

aixi <‘!tt‘iiiic*a! |m»p<’rfic> uf tin* “il ihiail I'nr thi> m*<nvth of the sptahfic- 
ijryniiuMiis In hr A tVw f»rkauii ni pla^'cd in a new ciiviroti-- 

inriil alri‘ii<l> rniilatiiiiii: * Uf'\nr hnpc tc ixnui the hsccmuI- 

rnev «Acr tliVnrpiJii-iii^ naturalb uccurrini: in tlic soil, for th<*y have- 
lH‘c*ii ba* cmiiil!*“■■•'- inti. tn a«iapl fhcuist^lv(‘s to tlu^ 

vnvmmmvut and ^aily uhirh an- ilttvil have survived. I'lu^ 

prohkan hef'tane- even more t ianplieated when ui* recall th(‘ fiiulin^K 
of Lifanan that the baclerial fl^ra of a o»il i.-. in uian\' easels (‘utind^v^ 
changed h\ cliinalie eiiijdili*»iio bhi thi aeetHiiit, it would ai)|H'a,r 
tliat <*vi‘r tn make ^oil iiinruiati«m a aier'e.s the tdieniicah |>hysi('a.l, 
and even the hiijhe^ieal eondition tun t be inatle suitabh^ for tlu*; 
growth <»f the >peeifir or^nini Uii added. Furtherinon*, straius of tho 
orpuiism ifiU^t hr u-ei! uiiieli ha\e heeii ev(»lv(»d nnd(‘r sirnihtr 
eliinatie eiaiditioic. 

Soil Gains in Hitrogen. It i *well e4ablishefl that many forias of 
mierosenpie oi^^ani^in pre.-e-. flie inAwr of fi\iu|: uitro^nm eithorr 
when grown alone or in eonibinatiem with other (»rganisins of tho 
snil, Manv of tliea* Inno* ta^en ol*taine«i in pure eultun* and thedr 
mor|iliology and |di> dologn t arefnll) tudied. Tlie most favorahjo 
eonditions for tlieir maviiimin nitrogendi\atimi in pun* (adlmys in. 
liciniil solntiim’^ lia^e been aemratel^ determimuk Some of tlm 
eonditi<ms rec|iiidle for thiir aeiivify in noils are known, but ou tliiH 
pliasetif the 4 ihjeef there are man> gafo in our kuowledgn* and uuicH 
work linnet \et be done before \%r ean fate dcdiniti^ly the part whic^li 
they pla\ in th«* eeiupaip^ of nature and fiefore wr (uin sa,y whi<-li- 
an**thf‘ Vf*ry bed inetfpMk. for iiauasising their usefulness, Nt‘V<sjr-. 
thc’lesH, if b inferediiig ft» fsiirddtU'’ the n-udfs i»btainecl hy a. fesw 
workers. 

Hertlielot/n earl> liiboriifory e\|ieriinents led liim to b(‘lu‘yt‘ t.hatt: 
sands and eiayx may fi\ in a osar from #.# to MM) pounds of nitiogiji.ii 
to the nrvr. In lw«* r\crplioiial in.4iinee >- he nol<*d tliat nitrog;<*^ii 
\vasfi\ed hy at the rale of dlfd iwaind ottnl MHt) fsounds an a.(*r<s, 

liiif soil:^ wliieh eofifaineii fairl> large puanfitie;^ of introgen n(*V€:‘r 


made marked!) rapal gainn, 

Thiele, <in theoitlier liiiiak inainlaiiied tlmt while there is no doul >t; 
tliiif Jse/eW*/rr |wo-iev-.cd the fwiwer of fixing free ibitrogen, innlcsr 
hihoriitory eondifioiis )ef it n*»t eertain that eond.iti(ms w<ml(l 1:>o 
siieli ill st»ils Jill)' giiiii of nitrogen due tf* the aefivity of t.his.so 
orgaiiisiiiH. We have nlrend)- semn however, that tin* dyo/o//uY'/r^r 
do not reffiiire as higli it friii|#enttnre for nitrogmi-fixatiou in soil 
lie thought uvrrmtry. If af^fM-ertain that in imo4 andde- soil tnci 
tein|M»riiture is siiffieienl dtiriiig a large part of the year tor a. lairl.Y 


rapid nitrogeiefixatioii b> baeterm. 

Kriiiiiski' thinks fliaf eken lH4ter re^jiM Inndd be obtained in 
soils tliiiii in pure eiiliiirfs for there tin- nitrogen-fixer .yrow in s> ri i- 
biosb mitii aiitfdropliif'organi un:-' w-hieh make organie c-ompoiuic 
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available to the Azotohacter, In soils the nitro^t^n fix(Ml is ra,])i(lly 
removed l)y other plants, beeanse of which the slowin^-tip proc(\ss 
that becomes perce]>tible so early in laboratory experiments should 
not occur. 

In addition to an optimum tc^mperature and moistun^ eonhmt of 
the soil, the Azotohacter ar(‘ de])enderit upon a supidy of (‘arbon for 
energy and inorganics nutrients for th<‘ building of cell ])rotoplasm. 
Unfortunately, it is too often the ease that under natural eonditions 
those soils which are (kvficient in nitrogcui are also Ia(*king in available 
carbon, and especially in phos])horus, which arcj so essential for rapid 
nitrogen-fixation. Then there are the tcielmic‘al difHcailties which 
the chemist encounters in determining tlie gain or loss of nitrogcm 
which occurs in soils under natural conditions and which may be 
attributed to nou-syrnbiotic nitrogen-fixa.tion. 

There are, however, several cases in which tli(‘ gain has been 
measured witli a fair degree of acc*urac\x 

Lipman, in pot ex]>eriments carried on with a soil containing <about 
5000 pounds of nitrogen per acre-foot of soil, found a gain of more 
than one-third this amount in two sliort seasons. Muc'h of this 
must be attributed to non-symbiotic; nitrogen-fixation. To tlu‘S(‘ 
soils had been apidied solid and licjuid manures which furnishcHl to 
the organisms readily-available supplies of cauTgy and various 
necessary inorganic constituents. Odiis fixation was not nearly so 
rapid where legumes were turned under as green mamin^s. 

Koch found a gain of from O.OH) to per cent, in soil nitrogen 
during two seasons which must be attributc^d to non-symlnotie 
nitrogen-fixation. In addition to this thcTCi was a thn^c^fold gain in 
the nitrogen content of the (*ro]>s oats, buckwh(*a.t, and sugar-becds 
—which must also be attribut'd to th(i action of Azotobac( 4 ^,r, 

Hall noted an annual gain of 100 ])ouuds of nitrogen on Broadl)alk 
field at Rotharnsted and 25 pounds on Urcscroft fi(*ld. I h» h'C'ls tliat 
much of this gain must be due to the action of non-symhioti<! 
bacteria. Lipman j)oints out that the ac'tual gains of nitrogen am 
even greater, for this does not tiika into (*onsideration tlx* various 
losses which are sure to occur even under the Ix'st of ('ondition^. 
Hojikins takes the stand that tin' apparent gain is diH‘ in a large 
measure to drifting dust and ]>lant residues coupk'd witli the diffi¬ 
culty of obtaining representative sample.s of stiil at tlie two difl'erent 
periods. Even when all of these factors are considered the evi<leu<»e 
points to a gain of nitrogen througli Iiacterial activity. 

The analysis of a great nurnlier of soils in Utah showed that the 
average nitrogen content of the soil whi(*h had grown wheat ami 
other noE-leguminous plants for from tw^enty to fifty years was 
0.2009 per cent., whereas juljoining virgin soil on the average showed 
only 0.1984 per cent, of total nitrogen. The evidence is very strong 
that considerable nitrogen Has been added to these soils by micro¬ 
scopic organisms, for: 












SOIL INOCULATION 


289 


In nearly every case the cultivated soil fixed much more 
ti'Ogen in the laboratory than did the virgin soil. This was the 
when the soil was incubated with or without the addition of 
^t>onaceous material. 

( There is a richer nitrogen-fixing bacterial flora in the cultivated 
in the virgin soil. 

The conditions of moisture, alkalinity and food constituents 
the soil were ideal for rapid nitrogen-fixation, and the temperature 
"the soil was high enough during a considerable part of the year 
^ the growth of Azotohacter. 

The cultivation of the soil would increase aeration and avail- 
phosphorus in the soil. 

(^) The large quantity of plant residues w’'ould act as a supply of 
-I'bon which is readily rendered available by the soil’s rich flora of 
'lliilose ferments. If these soils had produced a wheat crop every 
"^^rnate year and all of the nitrogen which had been added to the 
without loss from leaching or bacterial activity taken by the 
“Op, it would have necessitated the addition of 25 pounds an acre 
2sa.rly, which is evidently the very minimum which can be attributed 

- these soils to non-symbiotic nitrogen-fixation. 

Eighty different samples of these soils were incubated in the 
oratory for twenty-one days and the gains in nitrogen determined 
comparing with sterile checks. The soils were incubated without 
ie addition of anything except sterile distilled water. At the end 
P "the period the average gain per acre for the cultivated soils was 
32 pounds and that for the virgin soil was 92. 

True, fixation would not continue long at this rate, for when the 
itirogen content of the soil passed beyond a certain limit decay 
a^cteria would increase rapidly, and in the struggle for existence 
hiey are able, with the advantage at their disposal, to su]>])ress the 
i.ore slowly growing Azotohacter, which would gain the ascendency 
ga-in only when the nitrogen of the soil became low. 

- Thus, there is an upper as well as a lower limit to the nitrogen 
ontent of the soil as far as bacterial activity is concerned, l)ut by 
making the conditions for nitrogen-fixation as nearly ideal as possible 

may maintain in a soil the upper and not the lower nitrogen 
ontent. 

In conclusion, it may be stated that although the part i)layed by 
4.^otohacter in maintaining the nitrogen of the soil has not been 
lefinitely measured, it is nevertheless an important factor. Hall 
onnd it to be at least 25 pounds, Lohnis 35.7 pounds, and the author 
*5 pounds per acre annually. It is, therefore, conservative to state, 
LS has Lipman, that these organisms, under favorable conditions, 
tdd. from 15 to 40 pounds of available nitrogen to each acre of soil 
/-e^rly. 
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CHAPTER XXIV. 


SYMBIOTIC^ NITROCJEX FlX.VriOX. 

Fkom the eaiii(‘st day of af^ricultural practice* it lias iH^ai tlie 
exi)erien(*e of ])ra(‘ti(*al ni(*n that I(‘ginn(‘S under ap])ro]>nat<‘ (*on(li- 
tions render tlie soil more ])ro(Iuetiv(*. It was the* practice* of tlie 
Roiiian fa.rineTS te> ])1()W und(‘r lu]>in(‘S in order to enrieh their se)il. 
This i>rae*tie*e has persiste'el through all the* sueee*e‘din^ a^e‘S by the* 
fanners e)f Kure)]>e anel Asia. But it is only within the* ine*inory of 
men ne>w living that we have* he‘e*n able* to state* the* <*ause‘ of the* 
iricreaseel fertility. 

Early Theories.— Lie*l)ig, l)y a]>]>Iying the* e*xact nie‘theMis of che*nns- 
try to agriculture, was able te) ele‘me)nstrate* that plants ge*t the*ir 
earlxHi frenn the carbon die)xie! e)f the* air anel not from the* carbon 
conipoiinds e>f the soil. He* came* te> rc'gard the* amnnmia e>f tin* air 
as analogous to the* carbe)n elie)xiel and taught the* eloe’trine* that the 
l)lauts are able to elerive their nitre)ge‘nous feaxl from the* atmejsphe^re*. 
He wrote: “ If the seal be* suitable, if it e*e)ntains a sufrH‘ie*nt fpian- 
tity of alkalies, phe)sphates, and sulphate»s, nedhing will be* wantirig. 
The plants will derive* their ammemia frean the* atmeKsph(*re* as th«*y 
do carbonic aciel.” Li(*big e*e>nsiel(*re‘d all e'rops (*apable* of He‘curing 
the nitre)gen from the air, l)ut the Ie‘gum<*s and e)the*r l>remd-li*afc*el 
j)lants we^re (‘SiKK*ially fitte*el for this task, as is witne*sseel by tlie* 
fact that th(*y benefit the sue*ce*(‘eling ce*real e*n)ps and do not r(*spoud 
as readily to nitrogenous fe*rtili/.e*rs. 

It was se)e)n provenl that the ammonia ami otlmr nitrog<*ii eom- 
IKHinds e)f the air which were* bre)uglit down by snow and rain werre* 
very small and would aeee>unt for only a small fraction of the* nitrec 
gen reme)ved l)y tlui cro}>s. 

Lawes anel (iilbe*rt ( 1805 ) re‘aclH*d the* c'onclusiem that nem- 
leguminous plants rexiuire a sii]>ply e>f seam* nitrogenous ceanpouml, 
nitrates and amme)inum salts Ix'ing about e*({ually (*fre*c*tive. dlie* 
arnoiint e)f ammonia e)btainal)le frean the* atrn(W}>fH*re» is insufficient 
for the need e)f crops. Ix‘gumineai.s plants be*lnive* almormally. 

They took tlie i)recautie)n eif calcining the* soil and re*moving all 
of the aimnoiiia from tin* air b(*fe>re it was admittexl to the? ve*sHed in 
which the ]>lants were grown. Tlieir results and those* of Benissin- 
gault agree fully in ixiinting to the? e*caic*lusion that fre*e* nitrogi»ii o! 
the air was not availalile? tei the plants. The*H<‘ ceaielusions w'ere 
accepted as decisive for a number of years, although mucli evidence 
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T>()int(*(l ill till* <*tlirr iliivrlinn. PmI and fiflil cxiHTiiiHMits carried 
oni in Hn^^land. Fraiinx i d-riiiaii> . and tin* I ‘iiitiMl Stat<‘s (luring the 
(‘arl\’ rig!itii‘> fiirni-lied inuni Jakahh* exiileiitM* tljaf th<^ l(‘guin(‘s 
l>o.ss(‘ss(*<i the |H»wer of uiili/iiii: atniu.[>hrnc nitrogen. At\vat(‘r’s 
(‘X]H*riiiHitts M full^ ii<‘inon trated tin-.. In soin<‘ of his 

trials the* nitr(»g<ii gained ua- dH |ht rtnit. or tnoia* (»r tin* total 
(inantity harvf*>ted. IIiAV(*\er. the in%'.ter\ wjis n<j| soK'ed until 
ISSli winii Hdiriege! and Wilfartli annoinnM*d tliat tin* fixation of 
frcM* nitrogeii is a properly pu- i* ed h\ the h^gutne.s and is du(‘ to 
th(‘ haelerin asMaiated with them in the root tulnu-eles. 

Early Observations on Root Tuberclas. The [>r<‘S(‘ne(‘ of tnlxu-ek^ 
on tin* roots of lf*gunhnou- plant haci long Indon* hcxui noted l)y 
Malpighi. He ri*garded tlieiii a* rout gall... Latca- th(‘y vv(‘re 
n*garde(! Jis huds of iia’oniplete plant -.. <»r as rudinnuitary roots. 
In isr><> Woroiiin found in them nnineroUH miiiuf(‘ l>odi(‘s which bore 
some res(*inhlane(* to haeieria, 'I1ie\ w«‘re rod~sliap(‘d hut, often 
sliglitly fork(*d to ‘*T'dor V'd, 4iaped hodie^. On aeeonnt of this 
irrc‘giiiarity in sliape tlie di.eo\f*rf*r wa-^ niiahle in say \vh(‘th(‘r they 
were tnn* haeieria (»r not. He, thereft»r<\ ealhxl fhtun haet<‘roi(ls, 
and n‘gHrded them a the ran e of tlie tulnTeles. In 1S7 I Kri(‘kson 
hmnd that in the early lage. of i1h‘ de\idopmenl of th<‘ tnlxu’ek* it 
was filled witli long, liranehing thread , n'amihling tin* niye(‘lium of 
fungi» ttud thenr h> pine he atfrihiitc’d the formation of tin* t uln‘r- 
eles, hi latf’r 4 ages of the gr<»wfli of the tulxuales In* found hiu*- 
t(*rcmls, hut was uiiahie lo determine whether they had any (‘onmx*- 
lion with the lt\'phie or not. 

Frank i ISThi not onl> imwed that tulx’refi'.s an* ahiiost. irnairiahly 
present on the roofs i^f legmm* hni fliat tlnlr formation may he 
pirvented hy tin* >lerili/iitiofi of the <iih He was thus in [mssession 
<d*fa(*ts wfiieli miglit haxe rmeah’d n» him tlic true nature of tin* r<H>t 
tulx*relc‘s. liowc*ver, lii* aeei*pted the iijferpn4ation of ids ])npil, 
Brunehhoi>t, wta» elaiiiied the tiaeleria*»like hodi(*s, W(*re nn*r<‘ly 


reserve food material'-^. 

Mufshfdl Ward iioi onl,^ prioe»i tliat tu!x*reh* torination isdu(*t<) 
outside infeciion hiif tiiaf uadi infeetion may In* brought about hy 
phu’ing piee(*H ef old fulterele'^^ in riaitaet with tin* r(x>ts (d growing 


k*gimdnous plants. 

lleilriege! foniid, as flir* re-iilt *-#f a long «eri(*-- of experinn*nts, that, 
wlieii |M*u wen* grow n m -aeriii^'.i'd oal.-i a.s a ruh* no tnb(‘rel(‘s 

w<*n* fonneih hut wlitm the plantwt^re watenx! with soil infusions 
ininl<* hy allowing water to aet upon .a»il iti wddeh p(*asJja<M)e(*n 
grown* the tnheri'le^ afiiwiired in abnndamae If the s<>il inlnsiou 
was sterilized h>" Imiiing l«‘forf* it w-a^-- put upon tin* plant:-* no tulx'r- 
C’ies ap|x*ared. expi'fimeiit-* wi-re fiatught to pro\e Hint Jin* 

tiifierc’leH wiTe rndly eaiixeil ii’mrg organ!an - in the -oil iidu;Fion* 
whieii were killed hv heat. The fn'bereli''-. <'tiuld laU, tlierelor<% be 
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regarded as iionnal produets of the roots, hut \ver(‘ (‘(‘rtainly infec*- 
tions from the soil. In a series of researeh(‘s, unth^rtakcai with tlui 
assistance of Wilfartli these results W(‘n‘ thoroughly (‘onfinruMl. 
They showed that in steriliz(?d soil th(‘ l(*guin(‘ l)(‘ha\'(‘s th(' sani(‘ as 
the non-Ieguine and dies of nitrogen hunger if not suppli(‘d with 
siiital)le forms of nitrog(m.. When the st(;riliz(*d soil was inoculated 
with fresh soil on which legumes had madc‘ a norimil growth tlaw 
then made a vigorous growth in sterilizcnl soil, rmhu* similar 
conditions non-legumes did not n‘(‘ov(u\ T\u^ n‘eo\'<‘ry of tln^ 
starving legume was found to eoin(‘id(‘ witli tla^ formation of root 
tuhercfles. 

Wigand (hSS?) found that th(‘ tnherel(‘S eontain(‘d tru(‘ haeteria 
and the following y(^ar th(‘S(‘ w(T(‘ ohtain<‘d in {>ur(‘ cnltur(*s by 
Beijerinck. He found further that tlau'e w(‘r(‘ haettuaa assoeiat(‘d 
with a,II tulKTcles, and although th<‘ haeteria dillVred sonunvhat in 
the tubercles of dilferent si>ecies of plants, still thc‘r(‘ w<‘n‘ (‘(U’tain 
constant characteristics to he seem in tlnun all. H(‘, th(‘r(*for(‘, 
regarded th(^ tul)ercles as th(‘ result of the a(*tioii of haet<‘ria and gave 
to the organism i)roducing th(‘ tuh(‘rcl(‘s tin* nana* of linrUliiH 
mdidmla. Beijerinck regarded tin? so-calh‘d hact(‘roids of Worornn 
as degenerate forms of th(‘ hacteria-involution forms, which appt‘ar(*<l 
only after the bacteria had lost tlieir vigor. In a lat<‘r investigation, 
after isolating the bacteria and k(‘(‘]>ing tlami in pun* cultur(‘s for 
many months, he was ahh* to produce* the* tuh(‘rcl(‘s at will by inocu¬ 
lating soils in whicli his plants were grown with tin* jaire* culture's of 
the organisms. 

Prazrnowski (1890) publisluHl res(*ar(*hes which confirmed all of 
HellriegePs results, showdng conclusivcdy that if sufficient precau¬ 
tions were taken to sterilize* the soil in which leguminous plants wc‘n‘ 
grown no tubercles w(*re ever ]>r()du(‘(‘d. He furtlH‘r sheaved that 
the tuher(*les grow on plants d(*veloping fjoth in the* light and in the* 
dark, but are larg(‘r on plants growing in the light; tlmt tlaw only 
appear on healthy plants; that th(*n‘ arc* vc*ry f<*w on plants greaviug 
in well-washed sand; Unit if })lant.H growing in stcTilizc'd soil be* 
watered with brook or riv(*r wat(*r, tuberc*l(*s c>eeasi(mally deveh^p 
l)ut never in abundanee; and that the inrc*efi(m <»f the* roots occurs 
early in tlie germination of the plant and vmmoi take* place* in tin* 
older roots. 

d wa)yea.rshiterS(*hl(>siugari(! Laurc‘nt dc*mcmstrafc»d the* fixation 
of atmospheric nitrogen through thc^ joint activitif*.H of lc*guminous 
plants and Psaiuhmionm radmwla by the acdiial diminution cd’thc^ 
amount of eJementary nitrogen in tlie incloH{*d afmosptierc* sur¬ 
rounding th<^ plants. 

Species. 'Wfiether the different varieti<*s of li‘gumc* Inic'tc‘ria are 
distinct species is a perplcixing (pi<*stiori whi(*h toda\' (‘aimot bc! 
definitely answ'cred. It is known that ec*rtain k*giimc*s arc* rc*adily 
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iiitVcIcil iiv oiif variety . wlM-n-a • «illt aiiulti.-r v ari<7y inf<‘clion is 
.„roiii|>li>liaa with aifii<i!ll\ or I1..1 at all. _ Morrovcr, tlio sc'ro- 
^iclilc.i l.\ tlilVciviit van. ti.- i jinoific. 'I'licsc facts ha.V(! 

Ic'l some oi.scrv.T-In cona.icr tlm iM.c . a . .jiiitc «lis(inc(. wlicnsis 

others cniishicr ihcia a- ituiil.v pli^. inlosii.ail varictics of tlic same 
sreiicral >i>cciie.. On tin* wiinle, the con-.eiiais of oitiiiion at the 
nroent timi' -cciii - In he (l.-ei.ie.ih ill tavnr of tlii.s latter view. 

Seine of Ilellrieizel’ e\|»eriinenl iniiieiiteil that hai'teria from 
clever eniihl iml iiriMluee fiiherelc on lupines aii<_l serraiiella. Simi¬ 
lar rcMilts Wereuhtaine.i h.v Nohhe ami hi-. as-.o<-intes. yet the\' were 
finally led teemiehide that the mot iiuudon of le)i:um<-,s is caused hy 
a single specie'^, l.nnu'-eiiiitinmil i;n>ulh of the ort'aiiisin on a. 
Icyuiine adapts it tn that lemiine .n it no lont,'er invades the roots ol 
otlier lef^ume,'. But I’eterniann eon-ddered it lu-ohtihle that, 

every pants of jdant has it. .peeifie Imeleria. Buhlert considered 
that all (if the orpininim are form • of II. rniliriri>l(( hut thid tli<‘ 
haeteria hest adapted tea i:i%eu .peeiesof lejiuniinons [dant anOhose 
nafiirailv feiiiid upon that plant. Ilovu-ver, ero.e, inoetiliilion is 
pe.ssihie'within certain limit . From the root tuhereles of some 
lepiinineii.. plant - he ol.laim-d haeteria which .seeim'd to he vm-y 
highly speeiali/.eii, hut he eon ider that this speeiali'/iition (hx'S not 
e.vten'd te ilitferenee that ma> he regarded a. speeifie. 

.\s a rcMilt of a large nimdier of experiments with ditVerent kinds 
of leguities, .Mail-sen anil Mtilhr 10l7i reached tlie eonelusion that: 
I!) 'I’he nrg;ini-no of riinin .inlintii will inoenhile I Iciil Jdhll, I . 
Kiilirii, r. fill'Ml. l.t n:i I.’iriih nt.t, l.iitlifirii.-i .sittini.H, L. <iili>r(ihi«, 
ami /,. .‘fllrr.'tlri.’^: that of Tnf<iiitiii ini-iirriiitiiiii will inoenlati' 

7'. iiratni.w; fli.il of Miili'initi .mlii'ii will inoeiiiiite M. hi/iiilinn 
and and I' that of I.niiltin.’i hilrti.'i w ill inoculate 

/,. ninjn.'iiif'.linn iUtil (hiuth.ini.i .-ntn n.-f. '1 hi- organisms of Plni.'n'iiln.s 

ruhinri.'i, Sujn hi.timhi. and H«I>niln imwtnrnrin, jieeordiiig to 
Maassen itml Muller, will apparently not iiioeiilate any other |>h<nt- 
Similareniielu-inns were rejti hed regiirdiug the nrganismsut ('iiriDillln 
rnrin, Onnhrtjchit .tnhu n. AnihiUu rnhu rnr ln. Snn t/ininnii.'i .vnpnriii.'i, 
Jiiniriilin frntinmn, f /ei/?«#».we/i.'i, am! Amrin lujiliniiln. 

Be hns-i I ItHtTi fie.eriiM*.! a .pesifie nrgani-iu derived hy liim irom 
runt lulterele. nf F. hl’i'l W tiieh pimhiee . Hint tltlierele . timl vvhiljll 
he eliiimed is tnorphologieiilix, Idologieidl', ami eiilttn'ail.\ widel.v 
(lilfereiil frnni tUn'iIlii.i rniliiirtAn j'eijerinek. 

.Nohhe ami eoworken iB-HtSi showed that ptire miltures ot 
imeteria from tidaTeles of oiu* ineinher ol a genus tire efleetive on 
other ineuihers of the same, and, a - a rule, only oi the same genus. 
They found, however, eomiilele interehiingealiility in ease of peas 
ami vefehes and partial iti ea-e of lupines ami -.errtidelhi. 

Zififel tHiPii, with the hoi»e of throwing light upon the kiii.slup 
ainoiig the variotis noilule hiieieriii, iimde usi- of tlu' agglutination 
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iM'niii hi" fr till 
W(‘n* iH»i ul i!m' 


hr f'Mfit'luilril th.'it tin* noduir ha(*t(‘riii 
aiiir jM-rir , hijf tliaf dislinrt sp<‘ci(^s 


(‘xistrch ^ , . 1 • I , , , 

Klinunrr and l\nh*^r latrr aT<>Ic»;^i<>al ti^sts to 

distill,irnidi -prrir . dTH’\ U :-l thr tiliat inn ninl hod princi- 

nallv and tonipliinn!il h'nidiiiirand pha-ipitalinn formidirinatinn and 
rontrnl. Wnrkiim vdth nruafii m ; tmin ri^htncn hMCtnnn sp<‘<*irs, 
thnv divitltnl t\iv l»artrn;n anmniiiii: In thnir nn-llind., into niiu* 
siH*nin> whinh lln-y a-oaird dit!«'rnd diarph from niin another. 

Siiiinfi Midi fr tnd varloii rHltiiro"^ tlpnn .rfallinp^ of s<*V(‘ral 
hMnanr ^prrir- anri rnsuparts! t!in r«‘ailt . with tlnisn olitaiiual hy 
nsiiiir Ziph'i’N ai^iilntinatinn innfiMttl. Hr found that thr nssults ul 
hotirinrthod" a;inT ufi faiitiall^ • Hi- su^mupiiiK tlir organisms 
is in ^n'lH’ral airrrniK’iif uilh fiiat of KliniiiM-r an<l Knt^na*. II(» 
(oni'ludrd. houin rr. that “th*' rotU haninria of loi^unas hvv ralli(‘r 
to hr ^•ou^ri\<*d a iriofr or h ' rof} fanf julaptations of tin* sp{‘ci(‘S 


Hiirrill and flan on Idl7 . atfor an («\trnsivo study (»F various 
Irtiuiiir laMlrria hotli uifh itm poiHidtun* iimtliod and i1h‘ agar 
trst-tuhr inrflioi! *»f Hannan, diuiinl thr n(Mhil4* oi'i^nnisnis into tin* 
tollowiiii: rlrviii i:ronp ai oordiio: a tiny art* int<*rchan^oahh‘ for 
tilt" pur|Ht-iM>l iia»i-iila,!ioii: 

t h:ol a I. 


Mainniotli r<*tl '! jn'ftitttv, 

Alsiko, ttr Sttfdidi i‘io\rr. Tr-iUJutm hffhi ffhini. 

Hrilif'^oli t’lo\ IT, / ny-doof* 4ii-rirnifihn!^, 

Brr'Otiin or h 4 ">|»dan t-hroas TtihJnuN uhxnndrhunuti, 
Wliiti* rlowr. 7Vdo/noa r*i4t n.-^. 

Zi|(/=a’^» or rt»tt floVrr, ! fT'-'slofai m* tl I fi (f!, 


lilatl a II. 

Wliitr Hivraf r'lfOaf. Mrhh^fu!^ 

'Vf’IIttW -TVrii rliiMT, ufT^rinnh:i, 

Wild \rlloW rl»ao*r. tiiilirfi. 

Alfalfa, 

Alfalffu /n/r#ifn, 

Biir 1 ‘loVrr, .l/#r/irf|r/o 

llliiak Ilirditdo tT %rlh*%\- irrf.ii!. Mr^Hrmp* hi pa! hut. 
Ftliiiigrrt'k* ?V"if|ori#’l/n for-a iim-^rnrenm. 

C rlior a f 11 ■ 

roiV|Mit, Viijun MijitmiJt. 

Flirt ridgt* f Vl#.Wrf| 

Faiililltt Afrhh k!fp-*fi>*rn. 
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I 7nni V \, 

Iniiliim wihl hmu, ^ hi lr^hi, 

( ii:mi r XI. 

HIn(‘k. nr r.HuiHHii ItHii t. W^hinui imiidii-nnivid. 


Hiltnrr ;ui«l >l«»nnnr l9fK: . ;irran^<Ml thr tiilK‘rcl(‘ 

hac*t(i*ia iiitn !\vu ifriMif. pn i- aiii:, arroniiuj^ (u fhi-in, \vcll-<lrfinc(l 
iHurphulnuinal an«l |»lr\ H»lni:i*‘a! liitlVn-iirivn, ihu^ of \\wsr ^qamps 
IS If*?! tin i’*r *’in Khr; ^^uuiu ntdlrlr thi an<l tin* <)tli(‘r 

uiuinr !{hh furuHT roiupriscs the* fa’i^anisms 

frniii lupiiin% M'rra«if*!la. aiai MUnatn., whi-ri'a. fhn Inltnr coniprisos 
all of thn (»!hnr . 

Cirif’U-SnHtli I9tfj rrftuii . fuiuai thrrr raca's of llu* 

naduln hartrria in thr stiia* laHlul*’. \Uiilr (Jinn dn l{o:vii I 1907) 
rrpnrtrd tin* *4' nu» ur^aiii air. \%hi<*lt <li!lVr in that <»M(‘ r<»nns 

a lanrr Inaliia* rulmi} lini dfn,rlt,pinir urll an Ornf and p<*ptnn<‘ 
l^rlatin. uiiiln tlm filiirr fnriii = liit*” nuii-traiiHparmt roloiiins <ai txa*!’ 
‘n'latiii. lln Onlirvr iluif f!ir nia* i, itMirpla»l(»i:it’a!l>s hioln^ically, 
and riilfuraJi} \udn!> fliflrri-nl fnaii Ihtnllu.H mtllrimln < H<'iji*rinck)- 
CuliimilChmktlmm^^ 11i‘ nixliil*' harfrria w Al on a ixmit 
varintv i4‘i’ii!tand mndia. pnrlmp -' !*o'4 on a iiM'dinin ol asli»nialt{)S(‘- 
apir i\r «ai«’ of iok'inim n\trioi f*» ha * liorn nddrd a suK5n% 

d(*\lrf>o% ajoro-f, or iita!fno% and ilipofa-daia phospliatin 

fa ufi a-k^ar aalf profliax’d at ihc‘ 

surfanr. wl'iilr a tifiii ^r;i} ^rroi^uh fulhm. flir lino of’ tlio noralh*. In 
standard hnri hrotli tiio raamtli o| I in* *»ri 4 ani^ia i?^ slow. 1 la* li<|uid 
lirroiiH--. rloinhv, it liifo rilia i'-’ forinod. and a tliin naiulirann 

ihn oirfani% laifor a fluoriilont profipitaio sintlos toutin' 
tHatoinoff!i<‘iii!ii*. Ill -.taiidafi! iirof lirotli uidiitin tla’^n’nuih of tho 
orpini-an i-- at aial fla*!* stratiforai. (odatin is 

slo\vl> liffiinlii’i!. ill*'* ifroi i-'^ v.iain^tiini*- rofpiirin^ two or thnn* rnontlis 
for fiaii|dnlii»ii„ III r^nlatfii stalls thi* ^^rowtli s<»inotiaH*s soids oV(‘r 
flu* Hiah ■tti!!! a i!r*i|oforin and liqtiofao!ion dons not oornr. 

(hi fli*‘ori!iiiiir> niltiira! iiirdia itir ori^anid.o not show any vary 
f*!jara<'t«Ti'-fio r^romfli. 11a* niost liiitimildn diflonna'o In'tsvaoii 
I'arioii- nraiii-^ i- tb*" niphiif>' «4' do^flopnanit. Slijiclit alkalinity to 
"i 2*1" to •}■ 2d’ mid ? Millor^s sridr,^ witli piioiadphtfiidiin is tolora-tinl; 
liiiilral to I 9t" in lf*-a. 

llii* rrailts otitaiiird by kVrd and Ma^'on|;ort cdoarlv indioatcnl 
t!ia! flir iioiiiilr itaofrria inmi iliffmait plants ladin^'o dillorontly 
tnivard ii«'id. kllir%; di'^dd«*d llii' It^i^nnn* Intoforia info fi\‘n gnaips 

di‘|Miidili|^ ilp«»ii ihiir 'o-ir4li%*ai«‘s.s to laid. 
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BYMHlOTia NlTROdHN FIXATIOX 


laji;iiK)Us (in <i])])(‘nran(*(‘, though iiof always (o tli(‘ fouclii, gray- 
white to ])ea,rly whit(^ in color, glistcaiiiig, and scinitraiisluccnt 
to opaque, (‘dg(‘s are smooth and (^vcn. [ 'ndcr th(‘ low pouau* 

the interior is granular. TIkw Fn^rjiKaitly attain consid(*ral>li‘ size, 
a centimeter or more in <liani(*ter. 

‘VPlates rnad(‘ direct from th(‘ nodnh* lack unirorniity to a marked 
degree. The undiluted ]>lat(‘ (first plate) begins to show a hnv 
colonies in two to four days. 'These (*oIoni<*s beetune (‘Xtremely 
large in a, very short tiimx th(‘ir rapid growtli being <lu(‘ to small 
pieces of nodule tissu(‘ or to clumps of ba<‘t(*ria <'arn(sl ov(t into tin* 
agar. .In five or six days nuimrous eoloni(‘s l>egin to make tluar 
ap]>earance, most of tluan as subimu'gcfl ('oloni<‘s, which later grow 
to tlie surfac(\ 

“The dilution-]>late (s(‘cond plate) colonics an* alwavs (*xtremely 
slow in growth. (Jemrally (‘oloni(*s an* large enough for transf(‘r 
in six to fourteen days, tin* j)lat(‘s should not la* dis(*arded for two or 
even thixx^ w(*(*ks. 

“The rate of growth of <‘oloni(‘S also varii*s with the organisms of 
different nodules. Among tlu* fast growers an* tlie organisms from 
pea iPimin), v(‘tch (jbe/n), l(*ntil iLrtus), swc(*t |H*a iljifhifnm], 
bean (Phamdvif), lupiiu* ( lAtplnm), wild bc*an f 
clover (7V!f()lium.), sw(*et clov<‘r {McUlotuH}, alfalfa 
and fenugr(‘(*k {TrujonrUn). Tin* cu'ganisms appn^eiably sl(nvf*r in 
growth are those from the covvp<‘a ff bV/an), Japan clover i irnpalrza), 
tick trefoil (I)cmmidiam.), acacia iAnirl(t), partridge [nai iPiusHia], 
false indigo f Haptma), dyer s gr(*(*nw<‘(*d (t/ra/.’f/n), peanut iAmrhwu 
soybean (67//cmrj, and hog peanut i Amphinirjm)P 

Mo:^hology of the Bacteria.^ Thvy are ha(*illi and when full-grown 
vary in length from 1 to 4 or It is mU uneoin in on to find them 
from 0.5 to O.Og wide* and from 2 to hmg and some have bet*u 
found to measure only 0. ISyw wide and O.Ug loiig. *^1 he haeilli prevail 
in the young iioduk*, wlH‘n‘as tlie hranefied forms or baf‘teroids 
predominate in tla^ old(*r struetun*. In the c‘ow|M*a nodules Bnrrill 
fre(|ticntly found large ehilKshap<‘<i haeteroids, thmigh the braiiehed 
forms W{‘re not so nuiiHToiis. 'flie haeferoids are best demon¬ 
strated wh(m the young uoduh* is just heginning to sfioiv a recldish 
interior. At this stage* the* (‘haraeferistie .r and // forms oec'iir in 
great number and show eonsiderabh* vae'Uolation and iineveiiness in 
staining, especially when stained witli earlmM’uehsim 

“ In the old, decomposing nodule the* ba(*f<*roidH are extremel>’ 
vaeuolatcel and ghost-like, slicnving small, oval, df*efKsfiiining boclicrH 
wdthin. 1 Ik? inf(‘r(*n('(‘ is that tlaxsc* bodies are motile swnrniers 
which later free* themselv(*s from the* gho-st-like capsiihss, rather than 
bud of}, as lias tieen descrilM*d by some writers. Fref|iieiitly tlie 
swollen rods have a beaded app(‘araiiee with iiiistaiiied Iiiinds or 
areas. A few' motile rods may sometimes fie seen in Iiiiiiging drops 
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in thisstagr. am! ihh'- a ha<‘t«*rni(l is to <>s(‘illat(‘ as though 

swung alHHit !>y soiur propflling forca* in oik^ crul. Division of the 
l)act(‘roi<ls into liarilli, a- r«‘|>rv><*ntrh hy I >aAVson, may also occur. 

* “Wluui first platvti nut. Ua* ><umg roloiii(*s (‘onsist of small rods 
whiah show c*tui>idcrahlo \ aria!inn in huigth. No hacteriods are 
pr(‘S(‘nt, tlaatgli the ro«Is are Hninntimcs slightly clul)-sha]>ed and 
sometiiues show \ aetinlation. lln\v<wer, tln\v nvxvr attain the size 
of hactcToids. With frei|in‘iit transfers i\n* rods hccHune quite 
unihu-in in size and slain deeply an<l «‘venl\\ ('S[)(‘eially with anilin- 
ecuitiaii vi(»!et. 

“In ver\ old enlture^ i three mtuiths tm ash agar, witliout transter) 
tli(‘ sinall. ova! swariner^ and thv iMminal ro<ls prc^cloininatc, though 
u h‘W eluiediaped and a few hnnahed ha<-t<‘roids are found. The 
Imetenmls prcnitieed npnii arfifieiul naalia aix luwer so large nor so 
munerous as those seen in mounts direet from a, young nodule. 

“Staining. The organi^nm <h» not stain w<dl with ■ ordinary 
aniliiH* stains. C 'arl»ol4uelisin and ani!in(^«g(‘ntiau-violet (used 
steaiuingl are tlie most satinfuetory stains. Though carhol- 
fut'hsin was pndVrred. aiiilin“gentian-vioh‘t stains were, always 
used ais cheeks. hc*eau e tlie former stain ac’ecmts the vacuolated 
ap|M‘ara!te«% partieular!> in hacUerchls. (’arbol-luehsin is es])ecially 
useful ia staining harleroid% direcU from th<‘ no<lul(‘ and also old 
agar eidttm's, Kiskrdf*- amyldfram staim dc^scudlxMl hy Harrison 
and Barlow* is useful dnee the* amyl uleohol ehuirs up the held, 
leaving the hac'tmia 4aineii. thoiiglt not so intcumidy. This stain, 
howevc'r. dimild ia»t l»e eon-idercMl a nHuins of identifying Ps, 
radirinMt. 




c:'-' ^ 




l-iii, II. Umi. iMMl", ! li<.»U(K ■iii.jM !uiil ■«> >irr<-ii<-i''.f viuMiolf.-i. (Afii^r Whitirip;).^ 

“Bacteroid*. Wliili* /'■». niilivirnln |»n»<iu<'cs no spores, if. ])r()(luces 
Imcteroids wliieii are verv rvideiifK more resistant tliau tJio normal 
rods. I ‘nfuvomlde ,neh as unsuitable media,, intreipieut 

trunslVr. <.r mlditimi of •■atfein to the medium, cause their appear- 
iinec. 'I’hisis in iifcord with what fakes |>laee ui tlie nodiilc'. 
ifrowinu inKliile. w hen deM'lopiiieiit is most rupiil, t he liaeteion « 
at tiieir iiiusiiimin; they enable the ornauisms to multiply rapuU.y 
in spiti* of the resistaiifi’ ollVri'd by the plant <-ells. la.ns < 
favnrahle media from this stage the normal uniform bacilli are 
lirotluewl. The ha<-fen.id then mast he n-garded as a normal and 






HYMHIOTK^. NITUOaKX FIXATKKX 
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ii very neeessary sta^^e in the litV of tin* or^^auism. Its sii^niificaiire 
in the aetual fixation of nitrogiau lio\v(‘V(‘r, is pun* sp(M*nlation/’ 

The orga,iiisins are a(*tively rnotih* and wlani vi(*u'<*(l under the 
niieros(‘()])e may Ix* seem darting about with amazing rapidity, now 
tiirnbling emd ov(‘r (md, now spinning viohmtiy on the slnai axis 
and tlum, swe(‘j>ing across the* fi(‘ld in a darting, jerking eours(x 
They eontain from i\ to 20 flagedla. The* numbeu* and distrilnition 
of th(^ flagelhi are variously givem by the* dillVnmt inv<‘stigators due* 
])r()l)a,t)ly to (*ith<‘r variation in organisms or to the* tlitlieulfy with 
whi(‘h flag(‘Ila is d(*monstrate‘d e>wing to the* gum or slime* proelu<*e‘d 
by the e)rganism. 

Mode of Entrance into Host. The* m<*thoel of inoeulatieui and the* 
growth e)f the* noeluh* is ele*seribe*el as follows by Whiting: 

“ As the* tij) of the* re)e)t hair of the* l(‘gume‘ pushe*s itsedf out int(» the* 
soil, it eha.ne(*s te) e-ome* inte) intimate* eontaet with the* organism, 
B. rdd/rirola, Se)m(* seie'utists have* (‘Xploit<*<l the \'i(‘W that tlie* 
e)rga.nism is attraet(*el to the* plant l>y ehe*m(»taxis, he*lie‘ving that the* 
])lant (*xer(‘te*s a suhstane*e*, ])re)hahly a earboh.vdrate*, whieh difl’usi*s 
into the* soil solutiem anel attrae*ts the* motile* ejrganism. While* it 
has been rather elefinite*ly she)wn that this organism progri*.ss(*s in 
the soil at anipiel rate, ne*ve*rthel(*ss the* numhe*r e»f root hairs infVe*te*d 
is too small te) lend sui)pe)rt te) a e*he*motae*ti(* the‘or> . How(*ve*r tiie* 
case^ may l)e‘, tlie e)rganisins e*luste*r at tin* tip of tin* hair and l)y 
means e)f an enzyme (e)r e)tiie*rwise) ra{)idlv’ dissolve* the* ee‘llulos<* of 
the e*edl wall, thus e*nal)Iing the e)rganiHm to e*iite*r the* root hair. As 
a rc*siilt, the‘re is a e]eeide‘el bi»nding of the tip, causing it te) re*se»inble* 
a she^phe*rei’s e*re)ok. This was e*arly obsc*rve*d as a sign of eeimph'le* 
infection. It is (*lairne*el that e)the‘r re)e)t Iiuirs whieli form aften iidVe*- 
tion are immune* te) the* attuek e)f othe*r Ie*guminonH baeteTia. 

“The e)rganisins, by rapiel division anel growth, aclvanc‘e thnnigli 
the emiiter e)f the infcx‘te‘d re)ot hair. IVazmowski founef organisms 
in the (*ell sap and e*ven in the e*})ide*rmis only two elays aft<*r inoe‘nIa- 
tie)n. In this advane*e an infe*e*tie)n strand (hife‘ktiofKse!i!aueh<*l is 
fornmel, whiedi consists e)f ge*Iutinous material, am! in the* e*arlie*r 
stagexs e)f dew'elo]>ment this strand may la* trac*e‘ei from the* re)o! hair 
inte) the inner tissue e)f the re)()t anel from e‘e*ll to e*e*Il thnaighead ihet 
nealule. This infe(*tiug strand is not sup}M)H(*d to constitute* a 
portion of the living tissue, nor is it a well-ale*fim*d tut)e; but, as Freal 
has recently shown, it consists of a large* numlK*r of zoe)gle*a oe^enrring 
adjacent to one another, in wliieli sei)arat(* bacteria e*an be elistin- 
guishexl. The infecting straiiel branc‘he*H profnHe‘ly and it was this 
habit e)f gre)wth whieh e*auseel the early inve‘stigatorH to <*(mHidi*r it 
the mycelium of a funge)us growth. 

“Growth of the Nodule. The ]>re*He*ne‘e e)f B, riifllriadu in the* 
tissue‘s of tlie roe)t causes a rapid cell division in the* p<*ri(*ye'Ie*. 
These cells beee)me larger anel eontain more {)roto|>lasni tlian the* 
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‘-m 

surr<)ini(lin|4us |xruulli tiikivs phici* IIm* cort icjil [><in‘n<‘IiytM[<i 
and <‘]>i(l(‘rnn'^ arn furr(‘ri (aiUvani. tlins fnniiiii^^ a. n(><liil(‘. ‘’Vlu- 
j^rowth nf thn laNlnln U apical. ^VUv varuais fiss!i<\s comnion t-o tlin 
plant, arc* prrsc*nt. In tin* cM*ntnil pcirtiori of the nodule* is the; so- 
called hact(*reidal which (Mdirc, fh‘sln or jj!:ray in c'olor, 

ac(‘ordin|^ tee tlic ap* of t!ic nodule*, and in this portion the* inlV(‘tin^ 
strand (lidektion-schlauclHO i> distin^uisiuHl in the* youni^ nodule*. 
It rainifi(‘S throuj^houl iIh* causin^^ tluhsc which it (‘nt(*rs to 

lose th(‘ir ]>ower of c*c*Il diviNion hut not <d* ^nnvtli. Lat(*r, or in 
older no(lul(‘S. the* iitfc^c-tiuK 'fraud not \ isihlc, and the* hact(‘roi(hil 
tissue los(‘S its firimH‘>’S. At the pcTiotl whcui s<H*d huanation is a,t 
its lu‘i^ht, most of tin* iiodulcH arc ^oft, and t he internal tissu(‘s slou|i;h 
otr, leaving tin* more rc^i^tant i*pid<*rinal tissue* a nacre* sh(*lh vvhi<*h 
later de‘eays, din* «*ndurancc of tlie nodtde d«*pe‘nds upon s(‘ve*ral 
factors, ehhdly, how“eve*r, upon the* kind of Ie*gunH‘ plant on wlii(‘li 
it is ]>rodue‘<*(! and the nerd of nilnigcn l»y that plant. 

PicTce* (*onsi<lers t!ic lawhilcs m originating eneh^genously from 
the same layer of cells as the lateral mots, aial as he*ing morpho¬ 
logically similar to fliein; liou<*ver. ns the lateral roots ruptures the* 
(‘pieiermis the ahovc stafement is not «*ntir«*I\ in ae-cord with what 
actually take*s place. 

‘*ddie* ueHluh*s arc hirge'4 and moU nmuerous vvlM*r(* “aenaition is 
h(*st in the^ soil. In saturated -oils tlicy occur at the* surface* and 
are ofte*n fcanid e*o!or**d gna*!!, %ery similar to Hunhurn<*d [)otat(K‘S. 
Nodules form in solutions, and f*\cepti*mully well in ce*rtaiu nutri(*nt 
solutions. Several iiite^resting iijctaneeH have beam hrouglit to the* 
attention of tin* Kxperiiiient Sfaliom in whie*li the* ohs(‘rv(*rs h(‘iitwa*d 
that the nodules had grown ahr*ve the ground. d'ht‘He peeuliariti(*s 
we‘re uneloutdedly citu**^f*<l by uiiobHerved pitysieal f'onelitions oe(*ur- 
ring at tfie lime of infi*f*fie»n nr iiflenvarel.** 

Relationship to Host. Even today tfie r<*lationship betwee*u Ph, 
rad!/*!ada and its host is it iitfaUed ffiie^tifai. Some* authors edaini that 
th<?y are true parasites an*! that th** relationship betvve*c*n tint 
tubercle* orgiiuisniH and their lio4 plaiifc is tlia! e»f twe* (*ofit(*nding 
partievs and the bacieriii *ffiiw on the nitrogen of the* air in tlnar 
endeavor to make up the «lf*ficieney eef nitre»gene*us subst,anet‘H which 
have* been tiikeii frmii ihein by th** plant. More*over, inejeula,tiem 
experinieutH liaviMleiiioiisfriiteil thfit radkmda e*a.UHe*s a (*<*rtiiin 
resistanec* similar to fiiat preMiuceil by an organism in e*oftd>ating a 
true^ i>arasit<,\ 

initucr Ini-H given the 4 % following eiaalitioiiH as ittstfm(*es in whi(*h 
immunity deiiioustriiteH iP^df: 

!. Tlie organisms eiumol get:, into the plimt. 

2. The eirgniiisms gnin iidniisdori into tJie pliint, but do not pro¬ 
duce nodules iireitiiHe the pliint, by its greater resistane’c, abHorl>.s 
the })aete.*riin 
‘40 
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SYMBIOTIC NITROGEN FIXATION 


3. The organisms enter th(^ and ]>rodnr(‘ nodnI(‘s, hut no 

fixation of nitrogen oecnirs. 

4. The organisms enter, jiroduee nodu!(‘s, and nitrogem is fixe^d 
and assimilated by tlie plant. 

5. The organisms are so elliei(‘nt in eoniparison with tin* plant 
that the latter is injured. 

(). The organisms are jiarasitie and th(‘ ]>lant is aetually killed. 

Certain produets which are ])rodue(‘d by th(‘ invading organism in 
conne(*tion with the host have be(ai talam as (‘vidcmec' of th(‘ parasitic 
nature of the bact(u*ia, whereas otluTs considca* the* nodule^ whicli 
forms oil the leguin(‘ root a result of irritation du(‘ to a parasitix 
(irieg-Smith, liowever, considers th(‘formation of root tubercles not 
as a result of irritating parasitic* action but ratlu*!* as the consc‘(pH‘n(*e 
of the produ(*tion of nutrients at that ‘f>!ac(* resulting in l)(*tt(*r 
nourishment and growth of tin* cells than in otlnu' parts of tin* roots. 

Fuhrmanu considers that the fixation of atniosplu^ric* nitrog(*n 
by the root-tubercle organisms begins wh(*n tin* hact(*roids liavc* 
reached a stage when they are (’olon*d brown-red l>y additiem of 
tincture of iodine. This occurs only wln‘n tin* organisms an* f<*(‘ding 
almost exclusively u])on carbohydrates and tin* available nitr(jg<*n 
compounds have b(*en almost ('ompl(*t<*l\' exhaiistc'd. Many 
workers jirefer to call the relationshi]> up until this stage* a true 
I>arasiti(* and later a trin^ mutual symliiosis. 

By careful staining Fr<‘d was able* to demonstrate* the* e‘nt<*ring e)f 
the bacteria through the root hairs, imnn‘diately affe*r which a 
tubercle started to form. A seri(*s of se‘ctions showenl that mitosis 
goes on in tin* nodules much tin* same as it do(‘s in diseasc*d tissue of 
animals. The mitotic figur<‘S an* larg(*r, vrry irre*gulai% and not we*ll 
marked and have* an uneven nuinlH‘r of chromosonn*s. In tin* 
normal roots tin* mitotic figur(*s an* about onc‘-sixth as large*, vctv 
clear, and the chromosomes in nunn*rous pairs. Tliis In* <*onsid(‘rs 
bears out tlie tlieory that the l<*gume* ba(‘te‘ria are* symihotic parasite*s 
of the plant. 

If we acc(*pt Whiting’s definition of mutual .symlacKsis “as tlie 
contiguous association of two or more* morplioIogi(*aIly distinct 
organisms not of the* same kind, r(*sulting in an acefuisition of 
assimilated food substaimes which impli(‘s that tin* eu’ganisms con¬ 
cerned have* the* pe)vv(*r of ind(‘p(*ndent e*xist<‘nce*, but tluit both are 
b(*nefited by the cleise* assexaatiein,’’ we* must e-one-lude* tliat all the* 
evielence* b(‘ars e>ut the* ieleui that the* rctatioiisliip existing l>e*twi*en 
Ps, radicicola ainl le*gurn(*s is eiue e>f mutual .symbiosis. 

Mechanism of Fixation (Metabolism), hor a long time; it was 
bedievexl that the nitrogen fixed by legume haeteria and assimilate*d 
by the ])lant was ohtaineel through the I(mve*s. The* organisms on 
the roots were ce)nsidered to in some way stimulate the plant sei that 
it possessed the power to assimilate nitreigen. Hteiklasa e‘onside*red 
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that amids were first formed and that these migrated to the nodules, 
reacted with glucose and produced protein which served as the 
nutrient medium for the bacteria. In this connection he advanced 
the idea that the bacteria produced an enzynae which enabled the 
plant to fix the nitrogen. This theory, however, w^as shown to be 
untenable by Whiting who grew soybeans and cowpeas under careful 
control conditions. One lot received a definite proportion of oxygen, 
and carbon dioxid, a second oxygen and carbon dioxid, while a third 
received ordinary air. He found that these plants utilize atmos¬ 
pheric nitrogen through their roots and not through their leaves- 

Nobbe and Hiltner (1893) considered the root tubercles to be the 
parts of the leguminous plants where the free nitrogen is assimilated 
and that the direct agents of the assimilation are the bacteroids and 
not the bacteria themselves. As to the metabolism of the nitrogen 
by these bacteroids the ideas at present are very indefinite. Loew 
and Aso (1908) suggested that ammonium nitrite was the first 
compound produced, the nitrous acid being readily reduced to 
ammonia. 

Gautier and Drouin considered that the nitrogen is oxidized to 
nitrous and nitric acids, whereas Winogradsky has advanced the idea 
that the free nitrogen in the plasma of the organism may unite with 
nascent hydrogen and form ammonia which by oxidation would 
become assimilable. 

Gerlach and Vogel concluded that there is a direct union of free 
nitrogen with some organic compound inside the bacterial cell. 
Heinze thinks it probable that nitrogen is at once brought into 
combination with a carbohydrate (glycogen) and suggests that a 
salt of carbonic acid may be formed first, or that carbonic acid may 
be produced from cyanamid. All of these theories, however, are 
purely speculative as there is little experimental evidence on the 
subject. 

It is in keeping with our knowledge of bacteria to assume that 
the changes are catalyzed by enzymes produced by the bacteria, 
and Hiltner reported the findings of a substance which is produced 
by the legume bacteria which caii dissolve the cell wall and root 
hairs. Yet Beijerinck claims that no enzyme has been found which 
attacks starch, cellulose, or saccharose. No true proteolytic enzyme 
has been reported, but Benjamin has reported the presence of urease 
in the nodules of various legumes. This enzyme is, however, found 
quite generally in plants and may have come from the host and not 
the bacteria. Fred, although unable to detect a proteolytic enzyme, 
has obtained evidence of the presence of oxidases in the slime of 
various legume bacteria. 

There are two main suppositions regarding the assimilation of the 
nitrogen by the plant as follows: (1) That the bacteroids are bodily 
absorbed by the plant fluids; and (2) that the bacteroids, by some 
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sort of clian^% I)ro(luc*e tlic sul)staii(*(^ coiitaiuiag tint assirnilahk* 
nitrogen whi(.*h the ])lant used. 

There appears to he (•onsideraI)l(‘ (vvi(l(‘n(*e in favor of tliis second 
theory. vStefan thinks tliat the transha* of th(^ assitnilal>le nitrog(ai 
from the organism to the host ])Iants follows the ordinary ]>hysieal 
laws of osmosis, and (Jolding has (*ondueted som(‘ very intcTesting 
experiments on the removal of the prodm/ts of growth in the assimila¬ 
tion by nitrogen l)y k'ginm^ l)a<*teria. lie reasom^d that the ])lant 
playccl an important role in the removal of the products pro(lu(*ed l)y 
bacteria in the nodules aside from the mere furnishing of suital)le 
food. He used a porous (diaml)erland filter eandki plaecsl in a 
culture vessel to serve to imitate natural conditions, "rhe jairtH of 
the plants used in some of his (‘X])(‘rim(mts were sttu’ilized in order to 
avoid the jmssibility of ]>la.ut (‘uzyrne action. As a rcisult of his 
method of experimentation lie obtaiiunl a much gn^atca* fixation of 
nitrogen than other exp(‘rim(!nt(u*s had obtained. H(‘ conclu<k‘d that 
the plant plays a part in the nunoval of s(>lut)k^ prodints of growtli, 
thus permitting a more rapid rea(t:ion than when* tln^ |>roducts 
accumulate. 

The results of (folding’s most extensive^ expi‘rim(*nt ar<i sum¬ 


marized as follows: 

Nitrogifn iii 
(ilrams. 

500.0 gms. of steins and loaves.. 2.S0I» 

20.2 girm. of roots and nodules (ciuito fresh) .... 0.004 

3000.0 (5.C. ammonia-free distilled water.0,000 

Total nitrogen to start with.2.050 

2870.0 c.c. filtrates and drainings. ,0.731 

500.2 gins, wet residue.... 2.570 

Total nitrog€5n after experiment . . .3.301 

Total gain of nitrogen during experiment ..... 0.342 


Attempts have been made to obtain an insight inP> the transforma¬ 
tion going on in the noduk‘S by various aaalx'ses. dlie.se hax'e hc*cui 
summarized by Whiting as follows: 

‘^Chemical-*™ The chemical composition of I(‘gum(*s from th<i 
standpoint of their nitrogenous (*on.stitu<*nts has Ixtui invc.stigiited 
to some extent, but the studies closely related to this i>oint are 
relatively few. The following data are very gctiWTal in chariicter 
and relate to studies eonecTuing the total nitrogen c*ontent of thc^ 
different jiarts of legumes at different periods of growth. Studies 
upon some of the various nitrogenous compounds are also im^liided. 

‘Hn 1895 Stoklasa, w'orking with lupintis (jAqrinm lutem and L 
angmiifolim)j found that the nodules were ric?liest in the (demerit 
nitrogen at the time of blooming, wliile tlie roots a|>|>ciired to lic^ 
richest in that element at the fruiting period. His r<‘sults arc; givfm 
in Table 1. The figures for the nodules indicate the nitrogrm is 
either taken up by the plant for seed production or diffused into tlie 
soil 
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L' TOTAL NITHOOLN l\ IJ iTM H IJ TKL-S: RKSOI/FS OBTAJNKl) 

Bv sToKLASA. i A(;}•: os dry basis). 



BonCf. 

NtnluhiH. 

. 

i.tn 

A. 22 

r'lniting . ' ■ ■ 

1 . SI 

2 . (i 1 

Maturity . . ■ • 

1 , 42 

1 . 72 


“Stoklasa also tif*t<‘rnunod pn^toin, .niruils. and aspn-ra.f^iii in 
lupine nodules, d'he proftuii hy the Sluf.Z(‘r nietdiod, 

the ainids hy thv Kjeldalil met hod, and the aHj>araj»:iu hy eahuda- 
tionfroin thearnmonia ohfaiiit'd hy distillatiiui with inaj^ne.Hiuin oxid. 
Table II shows his n*sults. 

TABLK IL XITHOin-.X C’OMPOI NOS IS LriUXK XODULKS: ItKSUI/FS 
OBTAIXF.n liT SToKLAHA. M‘KU<*K.,\TA<IK OX DUV BASIS). 

PfSrLxl. erMfiii* AmiUN. Afii>iiraKin. 

Blo.Mhoininfj; ^0*11# (>..'{5 U.aT 

Muttiril.v . * 'Lracc 

Tlie prf‘Hen(a‘ of asparakdii in the no<iiile is important, as it is 
thought to he intiifiately relnt«*d with flu* fonmition of prohun. 

“In IlMII WaHsiliefl sludied th<‘ nitn^gen eompoimds in white 
lupine (iMpinm tdhn \ seeds and seedlings. Ih* found that t he^ seeds 
contained 7.liH per eenf. of total nitrogen; ami tluit of this, h.Si) ])er 
cent, \vasin thehiriiHjf protein and*t.oP, pereent. wan precipitated hy 
l>hospliotungHtie lu'id, leaving a ilifh’riaiee <»f per emit., as|)ara- 
gin. dlte iHvnnmvr of anparagin in large amounts in the seed¬ 
lings is shown by tin* diitii given in 'ialdi* III. 

TABLK nie-oN’ITBOOKX C:o.Mi*oL.\nH LX KoLirrKKX l>AV CUJ> OHKKN 


HKKDLIXOH OK AVIIITK LLBiXKH: UKHtOXH OBTAIXKO HY 


wahhilikff 

CKXeiCLSSLO fX 

enncuvXTAOK 

OX nnv' 

hasih). 


r.T.A * 



'rotal 





lutroKm. 


II. Aa 

1 ir» 

ill 

a, 57 


fIJLI 

a.H3 

2.4i 

7 , KB 

. . . . 

fl,42 

4. AT 

1.5« 

5.77 


(i.m 

2.2U 

nr; 

5.40 


WiiHsiliefr iiIho deiiioiLHlriit4*4 tfie preseraat of Ieii<*in and tyrosin 
in the eotykaloriH of orie«week-<>Ifi si*f*dlingH of wdiite liipimtH. ddi.c!He 
and other airiino-iieidH wauihi he expeeted to he pn^sent when tlie 
protein of the si,fed is tireiikiiig dmvn for the niitrition of tlii* seialling. 

“Kmsely iimilyzed tlie lemveH, {aids, .Htmns, roots, anil nodules 
oi lupine plants for lotiil nitrogen at tliree distinct periods of do Vido{>- 
merit. His results slnnv better lltan the others pri»Heiiieel wherit the 
nitrogem aceiiiriiilfites m the pliint mat tires. 


1 if' aii* L 
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IV. TOTAL N1TR0(;KN' x int i^upines: results obtained by 
KNISKIY. (EXPHKSSKI) 1 rsj- x>xTiKCENTAGE ON DRY BASIS). 


s Period. 

Leaves. 

X*ods. 

Stems. 

Roots. 

Nodules. 

1 Full bloom 

. 4.02 

3,07 

1.15 

0.92 

5.17 

Po(1h w(‘ll ffirincd . 

. ;l7o 

3. 38 

0.88 

0.83 

3.29 

Pods vttry lurw^ 

.'i. 4 I 

3.68 

0.90 

0.66 

3.70 


Hehul'/(‘ and Barl)i(Ti oxarrxix-xod lupine and soybean seeds and 
se(‘dlings for nitroK<ai an<l obtxxined the results shown in Table V. 


TABLE V..NITlBKiEN IN’ LLBINK ^INTX) SOYBEAN SEEDS AND SEEDLINGS: 

RKSLT/rS OirrAINEI) BV SCrxxri^ZliJ and barbieri (expressed 
IN PKUGKNTACJli: oN DRY BASIS). 


Materiul. 

'I'ot J».I 
ratroi^csn. 

Protein. 

P.T.A. 

nitrogen. 

Filtrates 
from P.T.A. 

Lui>iii(^ Hced.s .... 


8.17 

0.24 

0.22 

SoylKjariH. 

0.7 

6.32 

0.13 

0.28 

LiipiiK^ <lark WMRiliiigH, 

(4(;vcn to twelve duynohi 

10. H4 

3.40 

1.60 

5.64 

Lui)iiie dark WH'dIiugH 

twf'Ive dn.VH old 

10..^ I 

2.33 

2.17 

6.01 

Soyliean weclIiuKH fifteen 

(layn old .... 

7.4 

3.86 

0.56 

3.00 


“Th(‘y also found a lar^ije aiiioYint of asparagin in both the lupine 
and the soybean seedlings. 

‘^S('hul%e has inadt* a cairefiil study of the compounds in plants, 
and has fonnulated th(‘ hypotlYesis that the same decomposition 
products arise from ])rotein in tlao jylant as outside it, but that in the 
])lant the (!oini>oun(ls an^ further ^Etltered, thereby affecting in varying 
degree the individual prodiK^ts of the hydrolytic decomposition. 
A com])arison of the analyses of j>e^ seedlings one week old and those 
three weeks old show tlu^ following differences: 

Lourin. UPyTOsin. Arginin. Asparagin. 

I w(;tjk .... Alnmdjint X-»ittle Present Absent, 

li .... Much If'HH -A.l.>sent Almost absent Very abundant, 

Arginin and iimido-acid.s wt-re shown to be present in the lupine 
cotyledons, lint aspanigin was si-Osent, although the latter substance 
was found in tlu^ stern of the seedling. It has been suggested that 
the o(•curreIK•(^ of asi>aragin is associated with the disappearance 
of ainido-acids and not of i>ro-tein. Phenylalanin, tyrosine, and 
tryptophaiu! have Ixicn refrorted in the white lupine {Lupinus alba), 
tyrosii) and trypto[)h!ine in veheti. {Vicia satim), and tryptophane 
in the garden pea {Fimiiu, mtirnMrn,'). 

“Smith and Robiri-son foui»<i 4-19 per cent, of nitrogen in soybean 
nodules and 3.90 <-ent. in eowp>ea nodules. They observed that 
inoculation increased the protein content of soybean plants without 
inctreasing the yield of Ireaxxs- This has been noted by other 
experimenters. 
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''Hopkins has reported the analyses of cowpea plants for total 
nitrogen with and without inoculation. The nodules, root, and tops 
were analyzed separately, as will be seen by reference to Table VI. 

TABLE VI. “NITROGEN FIXATION BY COWPEAS: RESULTS OBTAINED 


BY HOPKINS. 

(expressed in 

MGS.) 






Nitrogen 

Treatment. 

Tops. 

Roots. 

Nodules. 

fixed. 

Ten plants with bacteria . 

. 146 

9 

11 

125 

Ten plants without bacteria . 

. 38 

3 



Ten plants with bacteria . 

. 171 

10 

18 

140 

Ten plants without bacteria . 

55 

4 



Ten plants with bacteria . 

. 143 

8 

17 

124 

Ten plants without bacteria . 

40 

4 




The inoculated plants contained a much greater percentage of 
nitrogen than the uninoculated, the average content of the inoculated 
being 4.24 per cent, in the tops, 1.48 per cent, in the roots, and 5.92 
per cent, in the nodules, while the average content of the uninoculated 
was 2.48 per cent, in the tops and 0.88 per cent, in the roots. 

"The ash and the ash constituents of the nodules and the roots 
of lupines have been determined by Stoklasa, as presented in 
Table VII. The total ash of the nodules was found to be 6.32 per 
cent., while that of the roots was found to be 4.55 per cent. 

TABLE YII.“ASH CONSTITUENTS IN LUPINE NODULES AND ROOTS*. 
RESULTS OBTAINED BY STOKLASA. (EXPRESSED IN PERCENTAGE.) 


Constituents. Nodules. Roots. 

Si.1.59 1.90 

S. 4.90 6.38 

P.6.51 4.28 

K.17.31 12.05 

Na.16.94 19.94 

Mg.7.41 7.05 

Ca.7.64 12.04 

Fe. 0.83 0.75 


"The analyses of red-clover nodules show a potassium content 
of 2.63 per cent, in the dry matter. The nodules, therefore, are 
relatively rich in mineral elements as well as nitrogen compounds; 
and Stoklasa’s results (See Table VII) show that the chief differences 
between the roots and the nodules in the composition of the ash 
constituents are in phosphorus, potassium, calcium, and sodium. 
The nodules are richer in the first two elements and the roots in the 
latter two. 

" In brief, the chemical data which have been considered, although 
small in amount, show the relative richness in nitrogen of the 
nodule as compared with other parts of the plant. They point to 
the accumulation of nitrogen in the seeds, at the expense of the other 
parts, as the plant matures. That the nitrogen exists in the form 
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of protein, asparagnn and otlier soluble forms, is also f‘lear. 31ie 
presence of various aliphatic and carbocyclic auiiruKUids has iH‘ci{ 
mentioned.’' 

Sources of Energy.-" Under natural (‘ouditions the legume iKtctcria 
undoubtedly obtain the cu(a-|>;y rc(juir(‘d for th(‘ cu<l<»t lu‘niii<‘ rcaclioii 
which they cataly/.c from th<‘ ])Iant carbohydrates, ft has lou|^ !M*eu 
loiown thatdecoetums ()f the leguni<‘S inak(‘s t!u‘ best media on wliieli 
to ^row these or^uiuisms. ''rem]>le found that the preseuci* at 
ground alfalfa caused a ra])id imdtiplicaticyu of tin* (U’ganisms either 
in solution or in soil. (irieg-Smith found d(‘xtros<% levulose, sa«*« 
charose, maltose, and mannite to furnish a good source of earla>n for 
the organisms, but lactose was a very ]>oor nutri(‘iit. dVmple fouiai 
saccharose and dextrose superior to lactoses wh(*reas he found levulose* 
wholly unsuited to their needs. 

No one so far has attemi)ted to measure th(*ir eiuTgy na|uirenNaits 
when growing under their natural symlmdit* cvaidition. Fred lias 
studied tlieir growth ai)artfrom the host plant, and fouml that when 
considered {kt unit of (rarhohydratc^ consum(*d the legume haeteriu 
fix as miicli or more nitrogen than Azfdohackr, 

“Aeration.' .The legume lautcada. arc all aih’obic and the maliiles 

on the roots of the plants an* usually mxar tin* surfa(*e. Altlioiigli 
nodules will form on plants grown in wat(*r cultures, yet they are 
not as large and active as wh(*n grown in a well a«Tated s(»il. dlie 
addition of oil to a soil or water cultur(; in whicli legumes are grow ing 
prevents the formation of the* noduk‘.s. Moreo\‘c*r, as Hlnavn by 
Whiting, the legumes get thiar nitrogen tlirough the root and not 
the leaves. The result of cultivation of IegunM*s is, t!H‘n’fore, 
threefold: (1) The loosening up of the soil, thus making available 
to the nodule bacteria atmosplieric nitrog(*n and <ixygen; i2| the 
working of the soil increases other baet(*rial aclivity whic*h in furit 
renders soluble {mtassium, phosphorus, and otlH*r fxssentiid eleimadH 
in the soil; (3) the looser ala*ated surfaci* tends to i*onHi*rvf* the 
moisture of the lower layers wdiieh can he drawn on by the plant, 
thus making more nearly oi)tirmim moisture* eonditioiiH. 

Moisture. --“d'he root systems of plants vary greatly with the 
moisture content of the soil (Jain found that li‘giiim!H grown in 
moist soil spread widely, were full of wat(*r, bcc*aiiie c*overed with 
root hairs, and i)reserited a large surface of young tissties. In the 
dry soil the roots were less si>readiiig and the <»iHrk*rriiis iviis griait!y 
thickened. 

In moist soil the tubercles of the i>eas were .HCiittenHl all ovc*r tlie 
roots, were five or six times as abundant as in the dry soil, and wer«* 
about four times as large and ovoid in shape; while in tine dry sf)il 
no tubercles were produced on the HUi>erfieial rcMits. At ii deptli of 
about 20 centimeters some tubercles were found of a lieiiiisi>lieric*iil 
shai>e and much smaller than those grown in moist soil 














INFLUENCE OF FERTILIZERS 


313 


On beans about twenty times as many tubercles were found in 
the moist soil and naicroscopic examinations showed important 
differences in the number of bacteria present and the structure of the 
tubercles. Similar results were obtained with lupines and other 
plants. This is what is to be expected, for when the root system is 
not actively functioning the nodules are slowly destroyed by the 
nodule-forming bacteria within and the saprophytic organisms 
without. The nitrogen fixed by the plant is proportional to the 
number and size of the nodules. Hence, the gains made in combined 
nitrogen are dependent upon the water applied to the legume. 
This optimum will vary with different soils. ICalantarov found in 
a loam soil that nodule bacteria require for their growth a minimum 
moisture content of about 30 per cent., whereas Prucha found in a 
sandy soil the optimum moisture content was from 20 to 40 per cent. 
Wilson found that an increase in moisture content from 35 to 45 
per cent, more than doubled the production of nodules, while with 
an increase from 45 to 55 per cent it was nearly doubled. There¬ 
fore, water is necessary for the normal functioning of the plant and 
bacteria, and it tends to leach out the soluble nitrogen and thus 
stimulates to greater action the legume bacteria, for it is known that 
the legume feeds first on the combined nitrogen of the soil and turns 
to the atmosphere only when this is greatly reduced. 

Excessive quantities of water may exclude the nitrogen from the 
roots and also favor anaerobic action, both of which would be 
detrimental to the legume bacteria. 

Temperature.—It is a well-known fact that the temperature of a 
soil varies with its moisture content and a water-logged soil is slow 
to heat up. Gain found the temperature of moist soil at midday 
to be 7 degrees cooler than dry soil. This difference in temperature 
persists throughout the day and night and is noted in a diminished 
degree even to a depth of four feet. This difference may be suffi¬ 
cient in some soils to greatly decrease or increase the metabolism of 
the organism which Zipfel finds is at its optimum at a temperature 
between 18 and 20° C. 

Inflaence of Fertilizers. —The legume bacteria require the same 
elements for their growth as do other plants, and the application 
of fertilizers to a soil which increases the available potassium and 
phosphorus is attended by an increased bacterial activity. How¬ 
ever, it has long been known that nitrates inhibit nodule formation, 
Wilson found that nodule development was prevented by the 
presence of nitrates, sulphates, and ammonium salts, although the 
organisms retain their vitality in the presence of these salts. It is 
thought by some that the addition of soluble nitrates to the soil 
decreases by a kind of compensatory action the formation of root 
tubercles by legumes. Legumes growing on soil rich in nitrates 
may actually be immune to the nodule bacteria and prevent their 
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entrance into the roots. Small (iiiantiti(‘s of in’fra1(‘s to 

stimulate. 

Legumes Associated •with Non-legumes. For c(‘ntnri(‘s it has hccai 
the practice in China, Ja])an, W(\stern Asia, North(Tii Afric-a, as w<^l! 
as ancient Rome, to legumes and n()U-le;^iim(‘s in (‘oml)ination 
and there is no d()ul)t that time and a^ain i)ractical farmers ha\’(‘ 
noted the more vip^oroiis growth and darkca* gn^m of non-l(‘gumes 
when so grown, long before the invc'stigations of H(‘llri(*g(^l and his 
associates established the fact that k^giinn^s arc^ (*a]>abl(^ of utilizing 
atmospheric nitrogem. Ilis discovery gavc^ th(^ k(‘y to th(‘ mystery, 



Fig. 42.—Doiiblfj j)otH u«cd in Hhnwiiig intiuniic.c of LitKUinr; on noii4tJguin*!. 
(After Lipnmn). 


—the uoTi-legurru! was fcottiiiK coiiibincd nitrogen from tint lojiumc. 
This was strikingly deinoustratt'd by a v<‘ry iiiKcmious (!Xi>crimcnt 
conducted by Lipmaii. He ^rew n(>n-le>,nimin()us plants in soil in 
a porous pot surrounded by earth in a larger glazed eart henware pot 
in which leguininous i)lants were growing and foiin<l that under 
favorable conditions non-legumes associated with legumes may 
secure large amounts of nitrogen fnnn th(‘ latter. 'Fliis power <»f 
supplying_ nitrog^m to non-l(‘gumes varies vvth dilfenmt legumes. 
At times it may apiKiur as an inerea.sed yield, wh(>reas at others it 
may appear as an increa.sed proiMtrtion of nitrogen in the dr%- matter 
of the non-legume or both. The following ttible gives the jK-r- 
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centages of inci-ease in the protein content and length of leaf in the 
grasses grown with clover over grasses grown alone (Evans). 


Kind of grass. 

Timothy grown in lawn plat 
Timothy grown in field 


Protein, Length of 

n X 6.25. leaf. 

18.89 21.27 

7.68 19.41 


This, however, varies with the soil and there may be conditions 
in which not only the protein content of the non-legume is slightly 
reduced by the association with the legume, but that the percentage 
of nitrogen in the legume may decrease as the proportion of non¬ 
legume in the mixture increases as noted by Westgate. Even in 
these cases the total nitrogen of the combined crops is usually 
increased, provided the legumes are properly inoculated. 

Soil Gains in Nitrogen.--The gains made by soil in nitrogen are 
dependent upon a number of factors. 

(1) It is self-evident that the soil must be in good physical condi¬ 
tion for maximum nitrogen gains. (2) The soil must contain the 
elements essential to plant growth, with the exception of nitrogen. 
The law of minimum holds rigidly in this case and the gains in nitro¬ 
gen are limited by the limiting element of plant production other 
than nitrogen. (3) Soils which contain sufficient available nitrogen 
for the production of good crops gain little, if any, nitrogen from the 
growth of legumes, for the plants together with the bacteria feed 
first upon the combined nitrogen of the soil and only upon atmos¬ 
pheric nitrogen when the soil nitrogen is exhausted. Soils may 
contain an abundance of combined organic nitrogen which for some 
reason is not rendered available and still gain from the turning under 
of properly inoculated legumes. (4) The legume must be properly 
inoculated; otherwise it obtains its nitrogen as do other plants. 
(5) The soil must be a suitable home for the legume and bacteria, 
that is, it must have a correct reaction, moisture, temperature, and 
aeration for maximum nitrogen fixation. Hence, we can expect 
to find a wide divergence in the results reported by investigators. 

Frank in 1891 found that soil which had been green-manured with 
legumes showed an appreciable gain of nitrogen. And it is a well- 
known fact that, in sand culture experiments in which the nitrogen 
of the soil is very low much more nitrogen may be removed in the 
legume crop than was found at first in the soil, and after the removal 
of the crop the soil may have gained in nitrogen. But what would 
happen in normally productive soil? The most reliable data now 
existing are contributed by the Illinois Experiment Station and 
indicate that two-thirds of the nitrogen in legumes grown on soils of 
normal productive power is obtained from the air. These figures were 
obtained from the analysis of inoculated and uninoculated legumes 
from like areas of normal soils and as a result of pot experiments. 
Computed by these data a four-ton alfalfa crop adds 132 pounds, a 
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four-ton ero]) of clover adds 107 pounds, a four-ton orop of r‘o\vpea 
hay adds 115 pounds. 

These are the ({uautities of nitrogen which reach tin* soil under 
ideal conditions, l)ut sonui may he lost undca* natural conditions 
with the drainage, <aud })ossihIy hy otiua* mc^atis. 'rh(‘ Xew Jersey 
Experiment Station has reported a gain of 200 ])ounds p(‘r acre* \vh(u*c 
crimson clover has been grown, wlien^as tlu^ Rhod(‘ Islarnl lv\p(‘ri- 
ment Station, as a result of ])ot culture exixu-inumts, reports a gain of 
400 pounds per acre yearly. I'his (ixp(a*inH‘nt t^xtiuided ovau* fiv(^ 
years, and legumes were grown both in th(‘ summer ami in th(‘ 
winter. The tops of the sumnuT l(‘gum(\s fcowpeas and sov beaus) 
were removed from the soil, wdiile the wint(‘r leguim^s (vetch) \V(*n‘ 
turned back into the soil. 

Shutt, in pot and ])lat exi>eriments extemding ov(*r two years in 
which mammoth red clover %vas grown on soil ami turmal umh‘r, 
showed a gain of 179 ])ounds of nitrogem ]H!r acn* to a depth of 9 
inches in the pot experiments and 175 pounds to a d(‘pth cd’ 4 inetuss 
in the plat exi)eriments. A light sandy loam with a sandy sul)sc)il, 
when planted to clover continmmsly ami n‘se(*de(l (‘ver>’ Uve years, 
doubled in nitrogen in ten years. This was a yearly gain of !iitr(^g(‘n 
of 50 pounds per acre. 

Soil Inoculation.- Tlie (uirly (‘Xperiments (hanonstrated that 
legumes assimilate atmosi)heric nitrogen only wlum i>rop(*rly inocu¬ 
lated. Since that time much has b(‘<‘n written <m soil inoculation. 
However, it is being found that in the majority of where* tin* 
physical and chemical conditions of tim soil an* optimum, the* 
ordinary legume bacteria are already presemt. This is es|w*(*iall\' 
true where that particular legume has l)(a»n grown in tliat district 
for some time. The legume organism may have lH*en in the virgin 
soil, liaving come from the native leginmj, or carriisl into tin* soil 
with manure or dust. When a mtw' leginmt is Ixfing intnalucefl into 
a district, one should see that tlie soil is proiH*rly inoculalet! for the 
members of tlia't grouj). Successful masi inoculation can be per¬ 
formed with fresh properly i>repared artificial (*ultures, lint in many 
cases this has not proved successful and in tla^ majority of ernes 
inoculation with soil known to })e inf<‘cted is f)e pn*ferred. Ilie 
method suggested hy the Illinois Kxiadment Station for large seeds, 
such as soybeans, is very satisfactory. The seeds are thoroiigldy 
moistened by a 10 i>er cent, solutioti of gluf^ and suffiedent dry 
pulverized iridected soil sifted on to ahsorh all of the moisture. Hie 
seed is shovelled over a few times. Such infected si*c*d slmuld la* 
planted very soon or else spread out to dry to prevent mould aciion. 
Neither infected seed nor soil should lie long exiKised to bright sun¬ 
shine, as this is very destructive to the ba<!ti‘ria. 

Where the old plants are to be inoculated a few hundred pounds 
of soil may be obtained from an old infected field spread on tlie new 
field and harrowed. 
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Dr. C. B. Lipman gives the following method for inoculating 
beans, and in a modified form it can be used for other legumes: 

"^Method Involving the Use of One Commercial Culture. —Prepare 
one-half barrel full of good loam soil (150 pounds) with sufficient 
water to make about optimum moisture conditions. This soil can 
be kept in a shallow vat about a foot in depth or in some other 
convenient receptacle where it can be well aerated. Purchase one 
commercial culture from any of the commercial firms selling legume 
bacterial cultures, choosing a culture for beans of the variety desired. 
The amount usually sold in a culture for one acre is sufficient. 
Shake this up with a few quarts of boiled water. The shaking should 
be continued for about ten minutes to get all the bacteria in sus¬ 
pension. Pour this suspension all over the surface of the soil in the 
vat and add to the solution about one-quarter of a pound of ordinary 
sugar per one hundred pounds of soil used in the vat. This should 
be distributed as evenly as possible through the soil and the latter 
thoroughly mixed with a spade or hoe, thus distributing both the 
sugar solution and the culture. After that the inoculated soil is to 
be kept in a warm place like a kitchen or a warm stable and the 
moisture content maintained at optimum until you are ready to use 
it for the inoculation of beans when they are planted. It is well to 
allow a period of two or three months for such incubation. 

^^At the end of the incubation period or when getting ready to 
plant, shake up some of the inoculated soil with clean water for 
a few minutes as before to get a good suspension of the bacteria. 
Pour enough of this suspension over the bean seed in large tanks 
or similar receptacles to wet the seed thoroughly, but not enough 
to allow any excess of water. Then spread the bean seed out on a 
canvas in a thin layer in the shade. As soon as the seed is air-dry and 
will not stick, place in a planter and plant immediately. In cases 
in which only small quantities of seed are to be planted, the suspen¬ 
sion need not be made, but the inoculated soil in small quantities 
can be mixed with the seed in the planter and allowed to drop with 
the beans as they are dropped from the machine, thus introducing 
the bacteria into the soil with every seed, or nearly so. 

‘^Alternative Method.—Where it is not desired even to purchase 
one commercial culture, inoculation can also be carried out entirely 
successfully by obtaining soil from a garden in which beans have 
grown successfully for some years and using that soil for making ui) 
the soil suspension or for mixing with the seed as above described. 
In other words, this garden soil, which contains the necessary bac¬ 
teria, will serve fully as well as the inoculated and incubated soil 
just described above. This is of course the simpler method to those 
who have access to garden soil which has produced beans successfully. 
Soils like this may also be obtained from old and more extensive 
bean fields, where' successful bean-growing has been carried out. 
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For’small j)lots, such soil can l)e (lirtH‘tly harrowod into th(‘ soil to 
be inoculated after bein^ S])rea(l (al>out oik; l)ush(‘l ]M‘r acre*) in moist 
condition on a cloudy or rainy da.\'/’ 

Commercial Cultures.“—Because inoculation by nutans of soil from 
old fields may transmit fungus dis(‘a.s(‘s, \v(‘(‘d and n(‘C(‘ssi- 

tates the transference of large quaiititi(‘s oi soil numerous worker’s 
have endeavored to inoculate with ]>ur(‘ cultures, dlic first 
attem])t was made by Nobbe and Ililtner who }da(*(‘<l on tlu‘ inark(‘t 
a preparation called nitrogin.” Kight kinds w{*r(‘ pnqaired suit¬ 
able for the different h^gunu^s and \v(‘r<‘ semt out on g(‘latin. S(»m(‘ 
of the results were satisfactory, but on th(‘ whoh* the j)(‘rc(‘ntag<‘ of 
failures was so great that the nudhod was larg<‘ly discn‘<lit<*d. 

Later the subject was inv(‘stigat(‘<l by Moore who considen‘d tin* 
failures of Nobbe du(‘ to th(‘ fact that h(‘ had grown his cultures on 
gelatin. This contained eoinlhiUMl iiitrogen in abundanc<‘ and th(‘ 
bacteria, lost tlieir virul<‘nc(‘ an<l no longta* possess<‘d the pow<‘r of 
forcing their way into th(‘ roots of l(‘gumin<ms plants and i)roducing 
nodules. Moore used a nitrog(‘ii-fr(‘{^ m(‘dium for th(‘ growth of 
his (‘ultures, thus in(*r(‘asing th(‘ir nit rogcai-fixing powtT. 'Tlay 
were distributed on cotton. Lat(‘r liciuid eultun^s W(*n‘ us<*d and 
since that time many dilfenmt ni(‘dia, including even soil humus 
have been used by different, worker's with varving clegrecs of 
success. As a result, at th(‘ ]>r(‘s<‘iit tiim^ some <'ommercial c'u!tur(*s 
are being put u])on th(‘ market which are probably just as eflieituit 
as are the natural-occurring soil organisms. However, s(*im* wt^rk- 
ers claim to have devidoped organisms pchssc^ssing a high physio¬ 
logical efficieney. But after taking all tla^ fa<*ts int(» consideraticui, 
one inust c()n.clu(le that at the i)res(mt tiim* tin* pure cultures have 
little advantage over the natural-ot'curring organisms. 
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THOH iumvriox. 

liiiir iniiiiruiorbil if Iiit - <'oitsi<I(r(^(l a S(‘lf-.(‘vi(l(uit fact 
that vHicrc cr<»|> i- |irat'ftnfd than* is a aiul better 

yi(*!d. TIh* faniirfs «»f aiiciiait uiul<Tst(HHl that {*r()j)s fol¬ 

lowing hcaiiN |ira aial ^rtohiv. wi-ro usually Ix'ttcu* than those 
following whtii! or iairie\ . but it was not until th(‘ last (iuarter 
of the niiietof‘iif!i ieiiliir\ fliaf if wa^ leariaxl that th(‘ I(‘gurninotis 
|ilant-, with theaifi **f av ooiaird baoteria. have th(‘ l>o\ver of feeding 
on the free nilrog«ai of fht* air. i,vhi*reas (he non-legnrninons ])lauts 
liave not flii pimer am! reffuire a HU|>ply of <M)inbin(*(l nitrogen. 
'’i'o(la\ the best fanner praeii .o -ona* sv-Uein of crop rotation. 
'‘Flan Itave loarnril fruiji exporiene’e that wln‘re erop rotaitiou is 
praetiM'd llif* orop- are biggtu* ami better than uikIct thci single 
ero|» *^1 •*fean I hi i li iially interpretecl as imhh'ating that ero]) 
rotation lin*^ iiierea rd the ferfililv of the soil. Many farmers 
plant legmm' for a iiiinilier ttf ;,ears nit nin-down soil, rvniovn the 
<*ntire efop ami feei letjilidriii that their soil is Ixasaniiig richer in 
plaiit-fo«xl. Ia*t li examine xifne nf the n*snlts obtain<‘d in care¬ 
fully pliinned e\periiiieiit>4 to ior if this <x»nelnsion is warratittHl by 
tlie expf’rinifiitu! e\"ideiiee. 

Essential Ekmeiili, Hants are eomposisi of ten (derncuits, each 
one of wfiieli is ahsnlnfrli e^xiaitia! to gnnvth and :s(*<*d formation. 
()nl\ two eartfiiii and o\>;gcn are ?a'<'ijred from th<‘ air by ail 
plants; only onr liuirogeii front flte water; Ha* other sevcui are 
H<»eiired l»y all plaiil''= from the noil. One elas.s (d’ ]da,.nts--the 
legiiines may. nmler appropriate eonditions, obtain tlnir uitrogtai 
from the air. >h elemeiils phosphorus, pfUassiuni, inagcn(\siiarj, 

iron and ^ailpliur are obtaincfl frtnn tin* soil by tiie growing 

plitiit. 

ElemiEt Mdad bj Laiuimts. dlte great iiiajcu’it>‘ of agricuiltural 
soils eniifiiiii large f|iianfifieH of all tlnsse eh'rnents, W'itJj th<' (exee]>- 
titm Ilf nitrogen, pliospliorim and potassimm ddjese an* uscxl by 
tilt* growing plant in lurgrr ipinnlities than are ari\‘ (d* t.b<^ ot.hm* 
eleiiieiifs wiiieli are ohliiine'it direefli from tin* soil. In tln^ grcait 
ii'iitjorify of soii>. iiitrogf'in phosphonis. or potassium is thc! limiting 
ideriieiit in crop iirodiiefioii. llierefore, onr prohlein res()lv<‘s 
itself into tin* <|iiesfioii; ^ hin erop rotation maintain these (*ien)(‘nts 
ill thi! soil ill i|iiiiiitifieH huHieient for maximum yiidd.s? Phosphorus 
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and potassium are obtained hy the growing plant only from tlu^ 
soil; it is, therefore, self-evident that no siin]>Ie s\’st(‘m of cro]) 
rotation can maintain the phos]>horus and i>otassium, sinci* the 
quantity within the soil must of nece^ssity h(‘ r(*due(‘d with 
crop removed, the extent de])ending n])on tin* sp(‘eific cro]) |j:rown. 
Hence, nitrogen is the only element which we can 1 io]h^ to maintain 
by crop rotation. But tiiis is the elenumt which is found in the 
soil in smallest (juantity and removc^d l>y most ])lants in lar|»:(T 
quantities than the phos])horus or potassium. .\Ion‘ov(‘r, large? 
quantities of this element are at tinu'S lost from thc‘ soil by l(‘ach- 
ing, while the loss of the otlua-s is comparativc^Iy small. It is of 
the greatest importance, therefore, that this liitrogcm lx* sti]>prn‘d 
to the soils in sufUcient (iuantiti(\s for (*roj> production and in the 
cheapest Toarmer possible. The total (juantity of th(‘s<‘ thre(‘ el(‘- 
ments found in an acre-foot section of two Ttah agricultural soils, 
assuming one acre-foot to weight 3,()()0,()0() ]H)unds, is givcai below: 

GrmivilUj Farm flltah), Far»n fUtah), 

pourulK imr urn*. IhhiihIh prr arn*. 


Nitrogen.-taot 3,711 

PhoflpiioruH.2,70a H,3KH 

PotaHHiuni.87,840 


Both soils (‘ontain an abundam't* of potassium, but tla^ 
of phosphorus and nitrogen is much lowtT. A study of tlu»se 
results shows that a oO-buslu*! (‘rop of whcait (*acli y(‘nr for forty- 
nine years would remove the (?(juivahmt of tin* total ({uantity of 
nitrogen in the (ireenville soil to a di^pth of one foot, while* a similar 
crop on the Neirhi farm would accomplish this in just thirty-s(*ven 
years. It would, however, re(|uir(; a oO-hushel cnq> one lumdred 
and seventy years to remove tlie phospliorus from tin* (Ircxmville 
soil and five hundred and twenty-five yctars to n^rnovc* it froin tin? 
Nephi soil. Of course a ero|) would nev<*r remove* all tlu* nitrogen 
or phos]>lioriis from a soil, hut in actual pra(‘tie(* tlie elements arc? 
slowly removed, the crop yields lamg reduecxl <*a(‘h y(*ar until 
a certain minimum is reached. Whem crops can no longer be 
produced economically then the owner abandims his soil, movits 
on to virgin soils, or if it be in an ohl distric't lie n‘sorts to the 
expensive commercial fertilizer. Tin? illustration is, h<Avever, suffi¬ 
ciently accurate to make it clear that tlie limiting fa<*ior, in .so far 
as soil fertility is eoneenuid in lioth of th(*se soils, is the nitrog(*ii. 
And it is true of. the great majority of all soils tliat an inereasixl 
nitrogen supply means an inereascxl yi<*ld. Tliis {irineiple is out? 
of the fundamentals of soil fertility. 

Nitrogen.-““Nitrogen exists in the atmosph(?re in inexhaustilde 
quantities, every stpiare yard of land having Hc?v(m tons of nitrogen 
lying over it, or if the (juantity (?overing out? acre* eonhl be eornbinc?tl 
into the nitrate it would be worth as a fertilizer $125,1)0(1,000. 
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Now it has been demonstrated that the legumes—peas, beans, 
alfalfa, etc.—when properly infected have the power of feeding on 
this limitless supply of atmospheric nitrogen, while the non-legumes 
—barley, wheat, oats, etc.—must depend upon the supply within 
the soil, and the farmer must take advantage of this fact to supply 
nitrogen for his crops, as the commercial fertilizer cannot be eco¬ 
nomically used for the production of most crops, as is seen from the 
fact that the nitrogen in a 50-bushel wheat crop would cost $14.40, 
or 20 tons of sugar-beets $15.00, or 1 ton of alfalfa hay $7.50, if 
bought as a commercial fertilizer. But will the legume draw nitro¬ 
gen from the atmosphere while there is a supply in the soil, or will 
it follow the line of least resistance and turn only to the atmosphere 
when nitrogen is lacking in the soil? If it does, it must first drain 
the soil of its valuable nitrogen and thus leave it no richer than it 
was before the legume was grown upon the soil. This is the prob¬ 
lem which this chapter is to answer. 

Rothamsted Rotation.—Crop rotation has been practised for 
centuries, but the oldest system on which we have accurate infor¬ 
mation is the one on Agdell Field at the Rothamsted Experiment 
Station. This system was inaugurated in 1848 and is still being 
carefully followed. It consists of a four-year rotation, as follows: 

First year: Swede turnips (rutabagas). 

Second year: Barley. 

Third year: Clover or beans. 

Fourth year: Wheat. 

Still another system has been running parallel and similar to 
this, except that fallow cultivation is practised in the third year 
instead of growing a legume. The average yields for twenty-year 
periods are given below. These systems are of special interest to 
western farmers, for when we substitute sugar-beets for the turnips 
and alfalfa or peas for the clover or beans, we have nearly an ideal 
rotation for our soils. 


Crop. 


Legumes. 


Fallow. 


Yield lafc 
20 years, 
1848-68. 

Yield 2d 
20 years, 
1868-88. 

Yield 3d 
20 years, 
1888-08. 

Yield 1st 
20 years, 
1848-68. 

Yield 2d 
20 years, 
1868-88. 

Yield 3(1 
20 years, 
1888-08. 

Turnips: 







Boots (lbs.) .... 

5264.0 

1723.0 

967.0 

5785.0 

3067.0 

2502.0 

Leaves (lbs.) 

600.0 

447.0 

242.0 

629.0 

i 538.0 

458.0 

Barley: 







Grain (bu.) .... 

38.0 

22.5 

13.7 

37.0 

22.8 

15.9 

Straw (lbs.) .... 

2373.0 

1496.0 

1172.0 

2244’. 0 

1489.0 

1172.0 

Wheat: 







Grain (bu.) .... 

29.6 

21.1 

24.3 

34.5 

23.2 

23.5 

, Straw hbs.) .... 

3169.0 

2082.0 

2445.0 

3761.0 

2420.0 

2412.0 


21 
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Even where the legume was iiscmI in th(‘ systcnn tlnn’e lia<l Ix'eii 
a decline in the yield. The yield of th(‘ tnrnij)s durinK^ thr first 
twenty years was r)2()4 ])ounds, th(‘ st^cond and the third 

only 1K)7 pounds, thus showing a (l(‘(‘r(‘as<‘ ol about fi\e--sixths thc‘ 
original in sixty years. 

The results with the harhw are no t>ett<‘r, for tluan* is a (lro]» 
from the fair yield of 3S bushels ]H*r aen* during the first ]!(‘riod to 
only 13.7 during the third. d1ie wheat which followed th<‘ legume 
in the rotation, and hene(‘ oe(‘U]>i(‘d the most iavonal |>!ac*<‘ in tin* 
system, shows a de(*rease of o.3 liuslu^ls. Not (‘\'(‘n a good yi(‘Id 
has been maintained for tlu‘ eIoV(*r, for from ISoO to 1S7I tin* 
average yield was 4lt)r) ])ounds, whil(‘ from 1SS2 to IlNHl tli<‘yi<‘ld 
was only 1240 pounds. In n^ality W(‘ find no great(‘r deelim* in 
the yields where fallow cultivation is ]>raetised. But both sys¬ 
tems strongly testify to th(‘ fact that rotation is not maintaining 
the productive ])()wers of this soil. And tin* (nidcuiec* is strong 
that the legume gets no mon^ nitrogim from the air tlian that 
which is removed with tlu‘ plant. ()th(‘rwis(‘, we s!Hm!<l exp«*<'t 
better results in the leginm^ sysh^m than in tin* fallow system. 

Nitrogen Obtained from Atmosphere by Legumes. That the 
alfalfa, when grown on fertile^ soil and the ero|) r(*mov(‘d, <loes md 
increase the nitrogen of tlu^ soil is s<*c*n from (*xperiments con¬ 
ducted by Dr. ir()i>kins at the rnivcTsity of Illinois, d'he ex|H‘ri- 
rnents were made possible* by the* fact, that many of the Illinois 
soils do not normally eontain the* syrnhiedie* bacteu’ia whie*h make* 
it possible for the alfalfa tei obtain nitre>ge*n from the* air. d liis 
being the case, a fielel was tak(*n which Intel ned grenvn alfalfa and 
which did not e*e)ntain the symbiotic nitrogen-gatb(*ring bacteria. 
This was plante‘el to alfalfa, einly cam-half cd it be*ing in<a‘ulat<*d 
with the legume organism, d'o some* ed’ the* pkds we*re aeldeel limi* 
and phosphorus to make sun* that the‘S(* we*n‘ not tin* limiting fac¬ 
tors. The results thus e)btain(‘d an* giv<‘n bedow: 

Fouiidi in rntp: 

Frinwls, rntrstni-it 


Plot No. 

Treatment aj >i >I i et 1, 

Ury mailer. 


fUrrl t»y l»an.«''nii. 

la 

Noiio. 

. 1180 

21 .HI 

; 40 23 

\b 

Bacteria. 


<12.04 

2a 

Lime. 

. 1300 

20.20 

Ui.m 

2 b 

lime bacUiriu .... 

. 2*570 

08,02 

lia 

Lime phoBphoruH . 

. 1740 

33.40 

nri nil 

36 

lime phoHpfiomH hacU*riu 

. 3290 

89.05 



It is evident from these results that the alfalfa had oldaineel 
from 40 to 53 pounds of nitrogen from tlic* air, df*iH*ndiiig upon 
the treatment. There was sliglitly mon^ tlnin oia*-t hird us rnwdi 
nitrogen in the alfalfa (*roi)from the iininociilated asiii t he*inoculated. 
Therefore, it is quite evident that the? alfalfa in these idiits had 
obtained one-third of its nitrogen from tlie soil inid two-thirds from 
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the air. Now, nitrogen is required by the root for its growth as 
well as for the growth above the ground, and we have every reason 
for believing that the root also would obtain it in the same pro¬ 
portion from air and soil as did the hay crop. 

Distribution of Nitrogen in Legumes.—If we examine dry matter 
and total nitrogen occurring in the roots and stalks of alfalfa, we 
should be able to decide whether more nitrogen is being returned 
to the soil in the roots and residues than is removed by the growing 
plants. 

The results for this comparison have been obtained from Illinois 
and Delaware experiments and are tabulated below: 



Dry matter 

Nitrogen 

Per cent, of 


per acre, 
pounds. 

per acre, 
pounds. 

total nitrogen, 

T.egume. 

in tops. 

Sweet clover: 

Tops. 

. . . 9029 

174 \ 

76 

Roots and residues . 

. . . .3748 

54 i 

Crimson clover: 

Tops. 

. . . 4512 

103 1 

70 

Roots. 

. . . 2022 

41/ 

Alfalfa; 

Tops. 

. . . 2267 

54.8 1 

60 

Roots. 

. . . 1980 

40.4 / 


With the clover, three-fourths of the total nitrogen is found 
in the plant above ground and only one-fourth in the roots, while 
alfalfa shows a greater proportion in the roots—40 per cent- This 
represents the proportion for the first-year growth for alfalfa and 
it is not likely that in the older plant this proportion of the total 
nitrogen would be maintained in the roots. Hence, it is quite 
certain that if only two-thirds of the total nitrogen of the plant 
is obtained from the air the quantity returned to the soil with the 
roots and plant residues does not exceed that removed from the 
soil by the growing plant, which would give no increase in soil 
nitrogen from the growing of a legume where the entire crop is 
removed, and this even where the roots are allowed to remain 
and decay. Yet we find some farmers who remove the roots from 
the soil and even then expect an increase in their soil fertility. 

Legumes Feed on Nitrates.—It is, therefore, rather certain that 
the legume, where the crop is harvested, does not increase the 
soil nitrogen of the fertile soil of Illinois and other soil fairly rich 
in nitrogen. But what will happen on the arid and semi-arid soil 
where nitrogen in many cases is the limiting element and is present 
in much smaller quantities than it is in the soils on which the 
experiments considered have been conducted. Experiments which 
have been conducted at the Utah Experiment Station during the 
last twelve years have demonstrated that even on soils poor in 
nitrogen the legume first feeds upon the combined nitrogen of the 
soil. It is known that plant residues and other complex nitrogen 
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compounds found in the soil are transformed by bacteria into 
ammonia, and this in turn by another class of bacteria into nitric 
nitrogen, and it is mainly on this nitrogen that the growing plant 
feeds. The quantity of this found in the soil at different periods 
under different plants has been measured at the Utah Experiment 
Station and the average results for twelve years are given in tabular 
form below, stated as pounds of nitric nitrogen per acre to a depth 


of six feet. 

Season. 

Crop. ----- Average. 

Spring. Midsummer. Fall. 

Alfalfa. 22.3 15.8 32.8 23.6 

Oats. 35.7 14.1 20.6 23.5 

Corn.. . 24.8 18.9 22.0 21.9 

Potatoes. 81.1 60.8 54.2 65.3 

Fallow. 81.5 53.6 62.6 65.9 


The legume, alfalfa, removes the nitric nitrogen from the soil 
equally as fast as do the non-legumes. Yet this soil was well- 
inoculated with the symbiotic bacteria which undoubtedly assisted 
the alfalfa in obtaining free nitrogen from the air when needed, but 
not until the soluble nitrogen had been drained from the soil to 
its full extent, as shown by the fact that alfalfa soil never contains 
more' than does oat and corn land, and is very poor as compared 
with potato and fallow soil. 

Nitrification in Soils.—It may be argued that the small quantity 
of nitric nitrogen in the alfalfa soil is due to a lack of its formation, 
as it is not needed by the legume, and hence not formed. This 
conclusion, however, is not warranted by the facts in the case, as 
may be seen from the results obtained where nitrification was 
measured. These also are the average results extending over a 
number of years and obtained at the Utah Experiment Station. 

Milligrams, nitric nitrogen produced 
in 100 gms. of soil in twenty-one days. 


Crop. --''-- Average. 

Spring. Midsummer. Fall. 

Alfalfa. 3.15 7.48 3.08 4.56 

Oats. 2.40 4.00 3.00 3.13 

Corn. 2.18 3.50 1.48 2.38 ’ 

Potatoes. 3.00 15.55 5.60 8.04 

Fallow. 1.30 5.50 2.48 3.09 


Here the quantity of soluble nitrogen produced in the alfalfa 
soil is greater than that produced in either the oat, corn, or fallow 
soil. There is no doubt that this is one reason why an increased 
yield is obtained the year following the plowing up of legumes for this 
increased action also occurs the next year after an alfalfa field is 
planted to some other crop. This is due to the stimulation of 
bacterial organisms of the soil by the alfalfa plant so that they 
make available faster the nitrogen of the soil, but this only depletes 
the soil of its nitrogen more readily than the non-legume, as it is 
the nitrogen already combined in the soil on which the nitrifying 
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organisms act. Hence, we must conclude that alfalfa not only 
feeds closer on the soluble nitrates of the soil, but it also makes a 
greater drain upon the insoluble nitrogen of the soil by increasing 
its nitrifying powers and would therefore deplete the soil if the 
entire crop be removed, more readily than would other crops—a 
conclusion which is borne out by the direct analysis of the soil. 

The analysis of a great number of Utah soils which have grown 
various crops for a number of years—some of them having been 
into alfalfa or wheat for upward of thirty years—revealed the 
fact that almost invariably the alfalfa soil contained less total 
nitrogen than did the wheat soil. The average for a great number 
of determinations made from alfalfa soils was 7232 pounds per 
acre of total nitrogen, while the average for a great number of 
wheat soils was 7398 pounds. These are average results from a great 
number of determinations made on adjoining alfalfa and wheat soil 
and they clearly indicate that in ordinary farm practice the alfalfa 
is making just as heavy a drain upon the soil nitrogen as is the 
wheat. 

Hence, from a consideration of the yields obtained in crop rota¬ 
tion, the relative quantities of nitrogen obtained from the atmos¬ 
phere and the soil by the alfalfa, the feeding and stimulating effect 
of the alfalfa upon nitrification, and‘finally the actual quantity of 
total nitrogen remaining in the soil after wheat and legumes, we 
must conclude that the legume does not increase the nitrogen of 
a common agricultural soil—even in the arid region where the 
nitrogen is low—when the entire crop is removed. 

This conclusion does not, however, mean that crop rotation 
should not be practised, for there are many reasons why crop rota¬ 
tion commends itself to the careful farmer, but it must not be used 
and the legume removed with .the intention of maintaining soil 
fertility. This may appear to be an unfortunate conclusion, but 
it is just the reverse, and if its teachings^be heeded it means a 
fertile soil and an economic gain to the farmer from the system of 
farming which it requires him to adopt. 

How to Maintain Soil Nitrogen.—There are two practicable 
methods of maintaining the nitrogen content of the soil. (1) 
Planning systems of crop rotations with legumes, the legumes 
being plowed under and allowed to decay, thus furnishing nitrogen 
to the succeeding crop; (2) practising a combined system of crop 
rotation and livestock farming. 

Three tons of alfalfa contain 150 pounds of nitrogen, all of 
which we could assume came from the atmosphere. Assuming 
the quantity found in the roots as coming from the soil, this is the 
equivalent of the nitrogen found in the grain and straw of 75 
bushels of wheat. If the alfalfa is plowed under some of the 
nitrogen would be lost to the growing plant in the processes of 
decay and leaching, but that the total nitrogen of the soil may 




CROP rUJTATION 


actually h(‘ iu{*nM>s(‘(l by tin* turniiiiLi: iiiaba* of tla‘ Icii^unH' is certain 
from <‘K|>(‘nm(iits. 

'’rh(‘ Dominion of Canada Kxp(‘rinH‘nf Stations ^n-cw mammoth 
(‘lov<‘r for two su(*(‘cssiv(‘ s<*asons on a soil very low in nitrogen. 
ddH* two (Mittings of mammoth (*lov<‘r with all the rcsidjies were 
turn(‘d umh^r <‘a.ch year with th<‘ result that tin* soil j^mined as i\ii 
av(*ra|!:(‘ 177 pounds jku* a,ere of total nitrogen which is the ciuantity 
of nitrogem found in thr(‘<‘ lO-huslK^l ra’ops of wln^at, ])rc»vided thf‘ 
straw was r(‘turn(*d to the* soil, as two tons of this contains 20 
pounds of nitrogem. On th(‘ otluT hand* work on the soil of the 
rtah Nephi Kxpc'rimmit Farm, with a rotation (d’ wheat and pixis 
wh(‘n^ th(‘ p(‘as w(‘n* plowed und(U’, showt^I a gain in total nitrogcai 
of 240 pounds in hair y(‘ars. ''Fhat is, in addition to furnishing tlH‘ 
small (juantity of nitrogim rcfjuinsl l)y tin* wheat eroji, the peas 
had addcsl to tin* soil an averagi* of t>0 pounds of nitrogen f>er yc^ir, 

''rh(‘ s(‘(‘ond mc‘thod ot maintaining the nitrogen and organic* 
matter of the* soil the* combined rotation and Ii\‘<*.stoek methcKl 
is th(‘ more* practical, and if systematically praetisc‘d will not only 
maintain the* nitrogcui of tin* soil but will prcnc* cd’ great economic 
value to th(‘ individual hdlowing it. Fca it cmisists cd’ a redation 
in which the* legume* plays a ]>romin(*nt part. The legume tc^ be 
ted and all the* manure* re*turn<*el to the* soil, which would imam the* 
se*lling from the* farm of the hay eropin the* form <d‘lMitte*r, milk ea* 
bes'f which e*arri(*s from the soil only a fraedion <d’ the* nitroge‘n 
stea*(‘d up by the* le*gume*. Moreseve*!*, it brings for the pro<luee*r 
mueli gre*ate*r re*tunis than eioe‘s the* syst<*m in wliieli tia* le*gmne is 
plowe*el unde‘r. 

It must, henve*ve*i% be r<*me*mb(*reel in this sy.ste*m that only thre*!*- 
fourths of the* total nitroge*ii ed’ the* le(*e! is n’e’ove*reel in the* dung 
and urine*. So that in place* cd’ tlirea* terns ed‘ alfalfa aelding loO 
peainds ed’ nitroge*n to the* seal from the air, it wonle! add only 120 
pounds, anel this is where* all ed' the* licfuid an*l soliel e»xe*re*mi‘nts arc 
e*e)!l(‘cte(l and n‘tunH*cl te> the* soil. But wbeTi* the* alfalfa is to be* 
f(*d and the* manure* re*turne‘d to the* soil, the* h*gume* e*aii caampy 
a much lemge*!’ pcriexl iu the* redation anel that wiflt gr<*afcr ec*onomy 
than vvheTe* the* le*gumf* is to be plenve*el tiiiele*r direally. 

H(*nce*, we* finel that if these* princ*iple*s w!iie*li have* Inam e*HtJil»- 
lisheal feir soils e*ve*n low in nitrogen be* systeauaticidly applkal to 
the* soil, it will n‘.sult in gre‘ater reve»nue* from an ineT«*ased live*- 
sto(*k industry and will maiutnin the* soil riedi in nitrogen and 
organie* matteT in place* of de‘pl<*tifig it of its .sfore‘ei-U|i nitrogem, 
as is so ofte*n tlic case* with the* j>reHe*nt me*t}uHlH. 
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HK plant rcsiflues whifh find th(*ir way into tin* sdil (•<»ntiurn 
iiijalditioii to protrin, non-prntain (*<anp<unid% arc* dc^c'cau- 

puM*d h\’ inifTcaa’i^^aiiisras, tlni.s lili<*rafin|4; flie* (aicr^y and rc‘<uniin^ 
flic* c-arlicai tci the* atriiosj^luTc* so that it isa^ain available* t(» plants. 
The* n‘a<*ticais (H-c*urrin|.: in this prncfss arc* firnlaibly the* rc*V(‘rsct 
nf those (H'eurrinK in the* fixatiem of earlH>n l>y tin* plant. 
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C^lIulosB, I he* tc*nn c*c*!lulns«* cIch^h ned deea^^natet a sinij^lc* indi- 
vidnal (’(anpnnnd but nndon!itc*dIy a whole* Hc*ric‘s of ennipninals. 
.\11 cil these are extrc*fnely c'oiiiplc'X and pass i^radnally fnan the* 
t«‘iider henii- nr psendcwellulosc* cd the yonn^^ plmii. wfiieh is 
eniiiparafi\e}y sidffble in ac*ids and alkalitss, to the more* ennipl<*x 
anc! \er\’ resisfanf 1 ignore! In lose *h. All an* (orni.s of ec‘llnIoHt*, but 
thc*ir prcc|:N‘rfies an* exc'c*<*c{ingiy diflen'iit. 'Vhv first may sc*rv(‘ as 
fcaid even to imtn, lint tla* laf for is higlily resistant to all the eoinamn 
Milvcmls. U is, howevcT. dissolved by a few spc*eia! .solv<*ntH, fHiic'h 
as ainnioiiiac*al solutions of eofifwr oxid* earlion bisulphid in sodium 
li\droxid, fuid a tf»w oth<*rs. C’eilnlose is introgc’nd’r<*<* jmd is 
nnidi* up c4 earlion, hydrogmi, and o-xygi*n hu^'ing fJic* etnpirieal 
toinmhi, d nllid(In hydrolysis, it, yi«*lds various sugars, 
«lt*peiiiling iifioii its .Honrec*, as gliic*ose, mannose* or xylose*, fn 
the* proeess of hydrolysis. thcTe rexsnlts ('(*rf.a.in intermesliate* 
dexxtriii Imdies, a stmly nf whtoh has shown e*eIlnlose to be* e*x- 
treinely eoifiplex. Besides tlieHe then* are e*ertinn gmns, pe*e’tiii;s, 
ligriims imel similar eeunpeumelH, whi<*h an* nearly relafca! to ea*lln- 
lose anei w1iic*li !ia\'e not iieeii diflVre*ntiati*d froni the* irm* e<*llnlos<* 
by niiiny iiive‘stigiitors. 1 ii«* results an* that the* power of elis-'eau- 
fioHing (,‘i*llulose has hei.*n iitirWmtvd u> c‘f*reain eirgninisms but a, 
c*arefiil study of thi*^ ;Htibjee*t has re%'e*ah'd lute*r that flie organi-aii 
de(*ompoHed some* of the re*Iaf<*d e‘omf>oiiiidN Imf ieft. oelhilo-He 
una!te‘n*d. 

Early Obseryatioas. d hat c’arbon pasM*?-, through a de-linife r\'ele 
from the solid eirgaiiie* fissue's eif plants to the ga:-.eeniform eif the* 
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atmosphere has been known for a long time, but it was usually 
thought of as passing from the solid complexes to the gaseous 
compounds through its direct combination with oxygen at a high 
temperature. In fact, this was considered as being the only 
method until Pasteur pointed out that there were other means. 
He considered it as being brought about by molds. Later Mit- 
scherlich (1850) observed that when moist potatoes decay the cell 
wall is dissolved and the starch gradually passes out. This he 
thought to be due to a group of organisms, but nothing was done 
to show that it was the work of any species until about fifteen 
years later when Trectil isolated an organism which had the power 
of decomposing young plant tissues and which was stained blue 
by iodine. To this organism he gave the name amylobacter. 
The organism he claimed had the power of decomposing cellulose 
with the formation of butyric acid, carbon dioxid, and hydrogen. 
As all of his work, however, was carried on with plant tissues, it 
leaves a question as to whether the amylobacter had actually 
decomposed cellulose or only some of the nearly related compounds. 

The decomposition of cellulose in manure was studied by Deh6- 
rain, Gayon, Herbert and Popolf. The last investigator was the 
first to recognize the similarity between the method of production 
of methane in sewage and the intestines of animals. He studied 
the action which took place when a medium containing Swedish 
filter paper was seeded with sewage, and obtained a large volume 
of gas, an analysis of which showed it to consist of carbon dioxid, 
methane and hydrogen. The first two he thought to be due to 
a cellulose ferment, but the latter to a butyric acid ferment. At 
the end of the incubation period, there was a gummy mass in the 
fermentation flasks. 

For a long time after this the attention of the investigators 
seemed to be directed mainly to a quantitative study of the result¬ 
ing products of fermentation. This is especially true with the 
work of Tappeiner and Hoppe-Seyler. The former, with the idea 
of determining the bacterial changes which take place normally in 
the intestinal canal, introduced finely divided cotton or paper into 
flasks containing a 1 per cent, neutral solution of beef extract. 
The flasks and contents were sterilized and then inoculated with 
small quantities of pancreatic juice and incubated at 35° G. They 
were so arranged that the gases could be collected and analyzed. 
The resulting product consisted of acetic acid, isobutyric acid, 
acetaldehyd, methane and carbon dioxid. The last two were 
in the ratio of J to 7.2 at the beginning of the process and 1 to 3.4 
at the close. In another set of experiments he used an alkaline 
medium and obtained the same qualitative but different quanti¬ 
tative results, there being a large amount of hydrogen evolved in 
the alkaline medium. 
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From his work, he concluded that cellulose undergoes a fer¬ 
mentation in the first stomach of ruminants and in the alimentary 
canal of all herbivora. In later work he tried to decide whether 
this fermentation was due to an organized or to an unorganized 
ferment. This he did by inoculating suitable flasks with the 
contents of the alimentary canal of oxen. The flasks w^'ere divided 
into three sets and treated as follows: (1) Heated, (2) treated 
with antiseptics (thymol and the like) and (3) untreated. Fer¬ 
mentation occurred only in the last set from which he concluded 
that it was due to bacterial action. From his work in general 
he decided that bacteria have the power of decomposing cellulose 
with the formation of carbon dioxid and methane and that this 
process plays a large part in the digestive processes of herbivorous 
animals. 

Hoppe-Seyler, who considered the fermentation process mainly 
from the changes which take place when cellulose is decomposed 
in soil or beneath water, commenced his experiments by collecting 
and analyzing the gases given off from soils and swamps. These 
he found to consist mainly of carbon dioxid and methane. Later 
he carried out laboratory determinations by placing 25.773 grams 
of filter paper into 1000 c.c. flasks containing 700 c.c. of water and 
inoculated with mud. They were so arranged that the gaseous 
products were collected over mercury. He incubated them at 
room temperature for four years. During the first year there was 
considerable gas evolved, but the evolution gradually became 
slower until at the end of four years the evolution of gas had practi¬ 
cally ceased. An analysis showed that 15 grams of the cellulose had 
been decomposed with the formation mainly of carbon dioxid 
and methane. He was unable to find any of the true sugars, 
although he thought it possible that there were some of the dextrin 
compounds in the solution. When air was excluded he found 
that there was a greater production of methane and a smaller one 
of carbon dioxid. From his work he considered the reaction pro¬ 
ceeded in two stages: First, a hydration of the cellulose with 
the formation of a hexose according to the equation, C6tlio06+ 
H 2 O C 6 H 12 O 6 . From the hexose, carbon dioxid and methane 
was formed (C 6 H 12 O 6 3 CO 2 + 3 CH 4 ), or perhaps acetic acid 
was an intermediate product and then carbon dioxid and methane 
were formed according to the equation, CH 3 COOH CO 2 + GH4. 

In 1889 Schlosing published his quantitative results of the 
investigation on the decay of manure. He collected the gases 
given off in the course of two months in the decay of manure and 
analyzed them. He concluded that the change was similar to 
alcoholic fermentation. 

Three years later the work of Herbert appeared. He inoculated 
5 per cent, solutions of potassium carbonate or ammonium car- 
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horiate coutainini:? finely <iiviile<l slntw with inaiinre. At tin* i‘{h 1 
of thm‘ months, when ilu' <‘voIntitni «»r earhun «!io\iil anil inetliane 
had iH‘arly rc‘asc<h he examincMl the reddue with the hjllewini^; 
n^snlts: 
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In the* laye*rs in whie’h the*re was r'misideralfle ox\gen, as may 


1)0 sc*(’n, the amount of eoinhnstihle gas givi^n off was zero, l)nl in 
tint nu(ldl(‘ and lower layers of the manure heap flie reHulfing 
incdhaiH* was over half of tin* gaMauiH prodiief. Similar resiilis 
W(Te ohtaimsl hy (hiyom who studied the eliang<*H reaifting with 
a liniifc'd and fn*e a(*eess of air ami foiimi that nnihane was obtained 
in rnueh larger (|uanfith*s when the air hin! be(m excluded. From 
this, luM’onf'hifled that metliane f(*rmenfafion is due to an ana«*rohie 
organism. 

Pn^fTcIing this work was that of van Seiiiis. wlio found that 
eotton and plant tissmxs w(*re decauiijMised In inieroorganiHins wifli 
the formation of i'arbcm dioxid, metlnuie, h>ilri»gen, iuityrie aeid, 
ae(‘tie aeid, ah'ohol, aldehyd and a traee of the high«*r fatty snids. 
lie tliought the niefhane was formed through flu* reduetion of 
a(*(*tie aeid hy means of hydrogen, lie eonddi^red the aetion as 
htniig brought ahout by two organisms out* tin* amyltdauier of 
Treefii, and another very small baeilhis wlih*li hr liini isolated from 
the alimentary eanal of a ral)!>it. He eonsidered that they acted 
by meniiH of an r%erc‘ted ruzyna*. wliicdi he preeijufiitia! In means 
of alcohol and found an uc|urous solution of the siime had the 
power of deeomposing ecdlulosiv 

Work of Omalianski.'- As may be semi from the pre«*ediiig brief 
sumiiuiry of the work, pra(*ti<'4illy all that had been ilone on I lie 
Huhjec't prior to IHihi wm directed at a i^tuily of the chiuiiistry of 
the proce.SH and litth? hud hmi done in trying to isoliite in 
pure ('ulturcs the Bia‘(ufic organism or organisms ivhieh had the 
jiroperty of decompo.sing c‘ellulos«*. If wm at this point flint the 
work was taken ui) hy Oirielianski* who stiiclied very eitrefiilly the 
ehemieiil ami haeteriologi<*aI phasc»H of vi4luUm^ fmiientiitiom 
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In Ills work, Ihc Inllnwiiij' nic<iiiiin was used: 
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ManH'-iuni hulpbaf*" . ... f ** 

AiitiiHHiium ‘^«il{>ha!«' 1 

StHliniH rhiurid ... {nirt* 

wa«»T .. HKiOf.r. 


In soinv cii^vs hn n‘|>Iu(’n<i thn ainiiUHiium salt with tl.r^ prr (snil. 
as|;ara|xiri, I |H*r cent, pnptnin*, or t)..j [>or cant. Ims*!* (‘^jtract. '^Flio 
soluticnis won* phussl in flasks containing filter [>a(H‘r aial I hen 
inocnlat(*ch Inasinn<*h as tin* in<'uhati<»n pericHl of c(‘llulos(‘ tVr- 
nientation is long and va,riahl<\ la* lonnd it lH‘st to secsl with e(nt** 
sid(‘ra!de of* tla* orgaiiisni. Oniinarily, this was dont* hy taking 
a small piec'c of th(‘ decomposing paper from an old cnlture. 

So{m after imaailation then* was oh.s<*rved a, slight tnrhidify 
in tin* flasks, dljeii the paper thickened atid as.sumi*<l a decayed 
appearance. It was cfAcrcd witli little sp(‘cked places where it 
had been decomposed hy the organisms, 'riii.s Iatt(‘r appearance 
vari<‘fl; at timc*s the holes wert* large and few, ami at other times 
tliey \\(»re small and wry numerous. At still other limes the 
paper seeific'd to fhieken and then to fall to pieces. At. the end of 
the proeess lhf*re reinaimal a residm* entirely different frotn tlie 
original pap<‘r. In <tld c‘ultnres tlie white appearance cd the paper 
had disappeared and it Inal taken <m a yellowish brown (*ol(a% 
which often appeared even in tin* smToimding solufiom d'he 
gases gi\”en off ha<! the odm* of de<'ay<*d elieest*. At the height of 
thi* process particles of filter paper were <*arried t<) the stirfas’c of 
tia* Iif|nid by tlie ga>, dlte abt)V<‘ deseription a|)|>lies to the proe(*SH 
as brought about by lH#th the h\‘dn*gen and methane organ¬ 
isms wliicli Onieiian ki .Hiief*eeded in isolating in pure <’nltnre.s by 
the method of re|ii*afed heating iTo ' (for fift(*en minutesi, which 
is based on a diflVrc*nee in tin* life historn of the two organisms. 
d1ie m<*tlimie b*rmf*nlaficat c»rganism develops more rapidly than 
tlie of!ii*r \‘ariet\- aiifl gains the supreimun- in tlie early stages of 
fill* proeeHs. If In* applierl at tliis stage t la* liiore sh»\vly geruii- 
natiiig of the hyilrogiai-fennenting organism, being in a 

reMiHlaiit stage, ^ntirvive. 

Morphology and Physiology. A mi(‘roseopie examimition of the 
hydrogen ferment riweals the following: In thr* young <*ulfnre the 
haeillijH is about fl.o g in width ami from 4 to K hi hngflo In 
(»ld etiltiires they are from III to lo g in lengtli. lliey never oc'ciir 
linked together iu ehaiiis but appear as slightly beitt. rod.,s. lu 
still older eiilfttres they take the drumstick form whif'h gradually 
di‘Velop..s info n round sfKire aiaiiit l.o iii diameter. Thei" are 
readily .siiiiiied hy the anilin dyes, lu «>hl culture. the\ give the 
<’liariiet.eristie eoiorn for tfie spore and .snrroumiiiig ■dieath wllh 
earbold’iif’lisiit mid fiiefliyleuc blm*. dliey a.re not '■.!allied blue 
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with iodin, and corist^cnuaitly an‘ diflVnait fnnn tlir ani\’l*»ha(*fc‘r 
(>r dV(‘cfd. No f^nnvtli ota-urs usually in thn (U’dinan cultural 
nn‘dia, thou|i:Ii ()iut‘lianski has ol)srr\a*d on soun* (H’oasiiUis vary 
uiiiuitn translu<*(‘nt (a)Ioni«‘s on ]H>taf<H‘S. 

d1us inv(!sti][(ator carried out (juantitativc dctcrniinations of the 
sul)stiuic<‘s yichh'd hy tli(‘ organism. It was chuic in flasks con¬ 
taining ;i(){) (*.c. of a mineral salt solutiem containing c‘ahaum car- 
honate and Sw<‘<lish filter pa|><T. flasks W(*rf‘ iiiociilatcal 

with the organism and ineuhated for thirti‘en months. On analysis 
th<! following results w<‘r(‘ oldaiiaal: 

prrHltirt.s. 

< at h(‘Kinair»^C pn»t’CHH a. 474.1 Fatfy ar'iiln ‘j 21^2 

< *< 4 IuIoh<* at <*n<l of laTifnI . . (F 1272 C‘arUiiMl!M%j»} a ff 722 

DoconijHjaf'U ...... .1..147I fi.v>lro|/»<ii OJil.'SH 

Ohi<‘f among th<‘ fatty at'ids yi<*lded were acetic, Imtyric, and 
vtderie acid. Besides these tliere w<*re traces (»f tin* higher aeids 
fonmh 

Th(‘ rmdluuie fernamtation, ac(’ording to Omelinnski, takes 
I>Iae(‘ if a flask eontaining fHt(‘r paiH*r, linn* and a miiuTal neutral 
solution h(‘ iuoeidattil with mud (»r fresh hi>rse maniin* and kept 
uraler unaerohie eon<litions at a t(un|HTatnn» ot fnan *».T to (\ 
After a slaal: time a <*ar(‘ftil examination of I la* filter pajaT rei ealed 
nunuTous haeilli. By sue<*(*sHive suhculturing, while the methane 
fca’immtation was at its height, the hydrogen fermiait was Siam 
(‘liminated- 'riie methane organism is rod-shaped, slightly more 
hent than the hydn^gcui fermtuit. It lawer d«*velopH in eliains, 
hilt in old (iiltures assumes the typi('al drumstick form with a spore 
in thi* (*ik 1. 'rh(» organism is 0.4 ju in width ami o ju in length. It 
is n(d staimsl him* hy iodim* and henee is tliflVrent from flie amyh>- 
ha(*t(‘r of 4V(*cfih From this it may he seen that both thi^ vegetative 
eel! and spore are slightly smalli^r than the liydrogen ferment. 
Though mor|>hologi<‘ally v(*ry similar, physiologieally they are 
vc*ry different, since orw! j^'ielde<l hy<lrogen and other methiine. 
"Oiis is .shown hy tlie quantitative studies of Omeliaiiski. They 
were c»ondneted in otK) e.cF flasks (imtaining 2iM]Ho gms. of SwediHh 
filter paper, 4.11482 gms. of <*aleium eiirhonate, and a fkl jM*r cent, 
solution of ammonium sulphativ They wi?n* inocuIali*«l mith Ckfli:i 
grn, of filter i>aiH‘r from an <4<l eulture. Over one month elnpsed 
Iiefore ferm<»ntation heeiime [XTCeptilik* and even then it wm very 
slow as is shown hy the fad that the giiseoiis iniiteriiil ctvolvcs! 
never exf^eeded 1.1 e,e. in twenty-four hours, and iit the end of 
four and a half months hail droiqKsl to hill cm** for twenty-kmr 
hours* The resulting gas was mainly eiirhon dioxid and methane, 
0.7,146 grn* of the earlxm dioxid and 0.1872 grn* of the methane. 
In the flask there remained only a smiili iimoimt of ctdltiloHc? but 
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a large amount of acetic and butyric acids. In fact over one-half 
of the decomposed cellulose had been transformed into these acids. 

Later Work on Cellulose Fermentation.— Later work which has 
been carried out by van Iterson has shown that there are certain 
of the non-sporeforming, denitrifying organisms which have the 
power of decomposing cellulose. In the presence of nitrates, the 
chief products are nitrogen and carbon dioxid. According to this 
investigator, the decomposition is brought about by Bacillm ferru- 
gineus, which is the chief cause of the brown color of humus due 
to a pigment formed from cellulose by this organism. 

Recently Kellermann and McBeth have questioned the work of 
Omeliansld. While they admit the great importance of these 
organisms in the formation of humus in agricultural soils, they 
claim that the organisms described by Omeliansld were not pure 
cultures and furthermore that cellulose is decomposed under 
aerobic conditions. These investigators have isolated thirty-six 
species from various sources. These were found to be much more 
active than the ones described by Omeliansld. They were all rod¬ 
shaped organisms varying in length from 0.8 to 3.5 ja. Involution 
forms have been observed for only three species. Five species 
have been found to produce spores. Twenty-seven species are 
motile; of these, seven are pseudomonas and twenty are bacilli. 
A few are facultative anaerobes. The optimum temperature lies 
between 28® and 33® C., but they grow well from 20® to 37.5® C. 
They grow readily on solid media such as beef agar, gelatin, starch 
and potato. Nineteen species liquefy gelatin. They rapidly 
decompose cellulose and other carbohydrates with the production 
of acids, but none of the organisms so far studied produce a gas. 

Function.™ It may be well to call attention to the great part 
taken by this class of organisms in returning carbon to the atmos¬ 
phere. This is especially the case with the material which passes 
off in the sewage. In septic tanks there are millions of these 
organisms busy changing the most resistant organic matter into 
gaseous products, and many large cities today depend upon this 
for the disposal of their sewage. Organisms also take a great part 
in the purification of a city’s water supply. They also take part 
in the formation of soil humus, as was pointed out by Omelianski 
when he gave the general reaction, 2C6Hio06 5 CO 2 + 5 CH 4 + 2C, 
and he says, ^^It is possible that a general reaction of this sort 
forms the basis of the universal processes of humification, that is, 
the gradual transformation of organic substances into a mixture 
of brown and black substances with a high content of carbon, such 
as is characteristic of fossil coals. But whatever the mechanism 
of these transformations, the active participation of microorgan¬ 
isms in the latter cannot be denied.’" 

The cellulose ferments break the plant residues into less com- 
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plex orffiiiiic coiiipoinids \vlii<-li ;irr IVriiicntcil liv niiicr itrpmi ;tiis 
with the of large* (jnaiititio^ of orjrjuiic acid,.. 'I’licsi- 

would react with the minerals of (lie •^'•11 rendering them availahle. 
This is very likely tlu* cause of iIh* gooii reNidt% oiuained from raw 
roc'k phosphate and stalile manure on [iho.-,((horu-.-poor -oil. 'I'he 
fermentation of the cellulose yield" aeid" wiiieli render ailiiiile 
the pho.s])lionis. This formation of aeid- ma.v at linu'-. however, 
become excessive*, giving rise to the -oiir linmii' of moor*, and 
heaths. 

It is w'cll known that the fernienlation proee*"e-. in tiie soil 
resulting in the d(*eomi)osition of organic matter ma.v give rise to 
large C|iiantities of carhoii diovid, nielhane ami hydrogen. The 
hydrogen and metham* do mtf all pass into lia* alnio.phere, hut 
according to the researches of recent investigator* furnish etiergv 
to imrnerons soil organisms, the* imporl.-un’e of vvluVh remains 
almo.st wholly for future workers tt* develop. The (ir-t work on 
this subject wuis done h.v Immeiiilorlf. who in ls')o found that 
hydrogen and ox.vgen may he made to unite under the itifhienee of 
soil. Ho found tluit the oxidation of h.vdrogett wa* Itroiight idioiif 
only by normal soil and not by soil previonsh tn iiinl with eidoro- 
form vapor. This olxservalion remained niittoliei-d until recently 
when two papers appeared (un* In Kaserer and the other In 
Solmgen -which throw eon.siderahie light on this iilia e of earho’n 
and h,ydr()g<*u transformation. 'Plie.v used an itiorgaiiie .ohition 
containing diiK)tassinm phosphate, aiiimonimn ehlorid. magnesium 
sulphate, sodium hiearhonute, ami a trace i»f ferric ehlorid. 'Diis, 
they inoeulated witli a small ((uanfit.v of s,iil and eonfined in 
an atmos]>here consisting of a mixture of h.vdrogejj. oxygen and 
carbon dioxid. (Irowth tvaik fdaee and the li.vdrogen disapfieared. 
The presence of a small (puuilify of <*arhon dioxid •.eeinei! to he 
nece.ssary for the develo[»fm*nt of the organi.iiis, and it would 
appear that like tlie nitrifying haeteria linn ean prodiiei* haeterini 
protein in inorganic .solutions, deriving their earhoti from earlK.n 
dioxid, 1 hi.H retietion, ueeording to lapimin, i* ol great signifie.'iiiei* 
in agriculturtv, for a grCfVt lo.ssol (*m‘rg\' is prev 4*nfed hv the haeteritil 
oxidation of h.vdrogeti formed in the deeper lavers of the .oil hv 
anaero})ie ferments. It tihso pjirtl.v <-oiniteraets‘t|,e rapid minerali¬ 
sation of orgauit! materitds, in tlmt it leads to the form.ition of «*otn- 
plex compounds from carbon di(>.xid. hydrogen and oxvgen. 

Kafierer and Solmgen also obtained organisms cajaihle of utilizing 
methane a.s the .sole .source of energy in their life process. 'I'he 
latter inve.stiptor secured imre <*ulture of an organism whieh he 
nained mdhanmuH. When grown in inorgat.ie solutions 

confined m an atino.sphere of one-fl,ird methane amJ fw.s-tiiirds 
air, it cau.sed the disaiipearaiiee of the methane with tlie production 
ot considerable quantifies qf Organic material. 
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The cellulose ferments also perform other direct functions in 
Ite soil, as for instance, the liberating of plant food which is bound 
in plant residues. Heinze has very recently ascribed to bacterial 
'Citivities much of the benefits obtained from summer fallowing. 
^ quantitative studies he found them to be more numerous in 
^llow soil than in cropped soil, and he thinks it to be due to their 
ctivities in rendering the cellulose more suitable as a carbon 
Upply for the Azotobacter that causes the increase of soil nitrogen 
^ fallow land noted by a number of recent workers. One of the 
P-ore important problems of today in soil bacteriology is the rela- 
f-ouship between this class of organisms and other important soil 
i*ganisms, especially the nitrifiers and the nitrogen fixers- 
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CIlArTER XXV in. 
BACTEIUA IN AIK. 


BAC'rKHiA require! for their grt»wth moisture, lood, a .siiital 
temperature and u.suully the ahsenee of ilireet sunlight, 'i' 
moisture (londitioiis of the atmosplu're* at times may he optimt: 
for the growth aud reproduetion of haet(;ria, hut mme of the titl 
eonditioiiH are. lienees hae-teria do imt multiply and grow in t 
atme)sphe’'re! as they elo in wate!r, soil and milk, iiiesc siihstum 
may and elo have a natural haede'dal fle)ra, hut we e-aimot e-onsie; 
the!'air as having a de!finite! one, for the numher and kind eonfinmr 
vary with many faertors anel there- are* se-are-ely two plae-e-s Iniv i 
th(! .same niunhcr anel sjaa-ie-s e»f mieroe'irganisms. 

How Bacteria Enter Air. -The euirtli is surrouneled hy the- atme 
I)here-, which when “le)e>ke>d at as a whede, its e-eehns are- e-xei-ptioiii 
anel its moveunents are the rule-. We iiuiy lind the gentle- hre-i-: 
the e-yelemie- wiuel eer the- r<‘stle-.ss teernueh), hut always a<-tive-. 'I'he 
men'e-inents eh) neet e-eenfine the-m.Heilve-s to heeriwental paths. Imt t 
giise!s ri.se- anel plunge-, pursue! hreaiel e-urve-s anel narreiw spirals, a! 
weetild pre!.se-nt fee an e-ye that e-emid se-e- them freein ahetve- 
tumult like the se-a in .steerm." In all this ae-tiviiy it is pie-ki 
up hits e)f .sanel, eerganie matteir anel oftentime-s e:v<-n water. 'I'he 
e-e)ntain mie-rejeirganism.s whie-h are- e-arrie-el inte) the- air and in; 
subside with the partie-le- tee whie-li the-y aelhe-ri- or he-i-ome- fre-e ai 
float about feir a pe-rieiel. 

As the w'at.e!rs eif the eie-e-an, lakes, rivers ami smalle-r sf re-ams he- 
again.st seiine harrieir the fine .spray se) feirme-el e-urries inte» tlie- i 
haeiteria, as do alse> the hurrying feet anel rattling whe-e-!s in 
crowded street. Furthermeire*, ineiividuals speaking or e-oiighii 
force from the mouth muneTeius hae-teria whie-h for a time- help 
make up the mie-rohial Inhabitants of the atmosphe-re. 

Number anei Kind.—Thc numher and kind e)f eerganisms feuii 
in the air are! geiverncfl large-ly hy the! lea-ality. 'Fhe-y are me: 
jilentiful in densely populated areas and within huihling.s .sue h 
c-hurches, theaters and other {llae-es where a large numlier eif pi-e»j; 
congregate. Miquel found that as an average! 1 e-nhic ineiteTofairfrei 
the streets e)f Pari.s contained .'1480 haf-te-ria, lalKerator^* air, 742 
the air of eilel he)U.sr!H .'{(),(XX), w'hereas the air eif the- !*aris HoH[iif 
contoined 7fl,fXX) bac-teria in 1 fnibic meter. It is (fiute* e\ i(lent frei 
these figures that air of inhabited ciistriets contains many hact<!ri 
These are carrieel on the dust partjele.s. It <Ie»es not, heeweve 
always follow that the number of bacteria in the air is an esa 



FACTORS GOVERNING NUMBER AND KIND 


337 


measure of the number of dust particles. An examination of 
the air of the London streets showed it to contain between 300,000 
and 500,000 dust particles per cubic centimeter, but there was 
only one microorganism to every 38,300,000 dust particles. The 
number of species present will vary with the locality, but probably 
in the majority of cases it is not great. Fischer states that an 
examination of the street dust in the city of Freiburg showed it 
to contain from five to seventeen different species of bacteria in 
1 gram of dust which contained from 24,000 to 2,000,000 organisms 
per gram. Graham Smith found at the top of the Clock Tower of 
the House of Parliament in London only one-third the number 
of bacteria that were found at ground level. Whipple found 
1330 bacteria per cubic foot in air at street level, while at the tenth 
story of the John Hancock Building in Boston the air contained 
330. 

Factors Governing Number and Kind. —The sprinkling of the 
streets greatly increases the number of bacteria in the dust, but 
it decreases the number in the air. This is due to the fact that 
the moist particles are not dislodged and carried into the air as 
freely as are the dry. 

The air of the country contains fewer bacteria than does the air 
of the city. Miquel found as an average 300 organisms per cubic 
meter of air taken outside the city of Paris and 5445 bacteria per 
cubic meter of air taken within the city. 

The number of bacteria in air over oceans is low and varies 
with the nearness to land. Close to shore there are often very 
many, while at great distances from land the air may be free from 
bacteria. 

On mountain tops, in deserts, and in other uninhabited regions 
the air is nearly free from bacteria. The classical illustration of 
this fact is found in the experiments carried on by Pasteur to 
refute the doctrine of spontaneous generation. He exposed flasks 
containing organic infusions in various localities. Of 20 such 
flasks exposed to the air of Mer de Glace 19 showed no contamina¬ 
tion. In similar experiments Tyndall exposed 27 flasks containing 
beef infusion to the air of the Aletsch Glacier (8000). None 
showed contamination, whereas 90 per cent, of a similar number 
opened in a hayloft did. 

The number of organisms in air decreases with the altitude as 
well as locality. Jean Binot did not find a single microorganism 
in 100 liters of air taken on the summit of Mount Blanc. The 
number rapidly increased on descending. 


On the summit.0 

At the Grand Plateau.6 

At the Grand Malet.8 

At the Place dc Taiguille.14 

At the Mer de Glace.23- 

At Montanvert...49 

22 
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The number of bacteria in the air varies with the season, increas¬ 
ing from winter to summer and decreasing from summer to winter. 
There is also a marked decrease in the number of bacteria in the 
air after a rainstorm. The rain carries them to the ground and 
also moistens the surface so that particles of dust are not carried 
into the air by every breeze. But the added moisture of the soil 
greatly increases the speed of multiplication so that later as the 
surface soil dries out more dust and with it a greater number of 
bacteria are carried into the air. It is also true that the number 
of microorganisms in the air decreases in the winter months not 
because cold is inimicahto the life of the microorganisms—for just 
the reverse is true—but the conditions are not as good for them 
to find their way into the atmosphere. This is due to the fact that 
the soil is covered with snow or the greater moisture prevents 
the dust from being carried into the atmosphere. 

It is quite evident that there would be a relationship between 
the number of bacteria in the atmosphere and the climate of that 
region. Bacteria would multiply rapidly in the soil of a warm, 
humid district and these in turn may be carried into the atmosphere, 
but the rains would quickly wash them out. Hence, there would 
be a great variation in a short time, whereas in an arid region the 
number in the air may be smaller but will not vary as greatly as 
in the humid region. 

The stay of the bacteria within the atmosphere will vary, depend¬ 
ing upon a number of factors: 

1. The hardy spore-forming saprophytes may remain suspended 
in the air for days or even weeks, whereas the frail non-spore- 
forming pathogens soon perish due to either drying or the steriliz¬ 
ing action of the sun’s rays. 

2. Small particles settle out more slowly than do large ones, 
for as the size of an object is decreased the surface area decreases 
less rapidly proportionately than does the volume. Hence, those 
bacteria which are floating free in the atmosphere would subside 
more slowly than those attached to dust particles. 

3. The time of suspension is also determined by the velocity 
of the air current. Organisms settle out of a still atmosphere 
more readily than from one in motion, whereas it may require an 
air current of considerable velocity to dislodge microorganisms 
and bring them in suspension a slight current will sustain them. 

4. Moisture in the atmosphere tends to cause particles to adhere 
together and as they grow in size the tendency for them to settle 
out is increased proportionately. 

5. Although the air of London and many large cities contains 
numerous particles of dust, the number of living organisms is com¬ 
paratively small as the various gases thrown into the atmosphere 
have a slight germicidal effect upon the bacteria. 
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Bacteria in Inspired and Expired Air.—Inasmuch as the atmosphere 
contains numerous bacteria it is to be expected that many will be 
inhaled with the inspired air. It is estimated that a person living 
in London breathes about 300,000 bacteria each day and individuals 
living in other districts may take many times this number. Most 
of these are harmless and are caught on the moist mucous mem¬ 
branes of the upper respiratory passages, very few finding their 
way into the deeper alveoli. 

The expired air, during normal respiration, is practically free 
from bacteria. But during the acts of coughing, sneezing and 
speaking the air is forced out and with it bacteria, some of which 
may be pathogens and if inhaled by a second individual may give 
rise to the specific disease. 

Air-bome Infection.—The air has long been considered as the 
chief vehicle for the spread of communicable diseases. This 
was but natural, for until recently the virus of these diseases was 
believed to be gaseous or at least readily difiusible and borne by 
air currents. After the bacterial nature of disease was discovered 
and it was found that the discharges from the nose and mouth of the 
diseased body often contains the causative organisms, and hence 
could readily find their way into the air, this was a favorite 
method for explaining infection. Recent work, however, has 
demonstrated that the pathogens do not long retain their vitality 
when free in air, and where infection is conveyed by air it is due to 
dust or droplet infection. 

Dust infection occurs only in the case of those diseases caused 
by organisms which can survive considerable periods of drying. 
The most important is that of tuberculosis and is here confined to 
rooms and dusty places which have been occupied by careless 
consumptives. The extent to which dust is a factor in the trans¬ 
mitting of disease is not well known, but it probably is not great. 

Flugge and his students were the first to demonstrate that 
minute droplets may be emitted from the mouth during talking, 
coughing and sneezing. The droplets may be carried in a quiet 
room as far as twenty or thirty feet. The large ones soon settle 
out, whereas in the smaller ones there is a great tendency for many 
pathogens to perish. Hence, droplet infection is conveyed only a 
few feet. 





CHAPTER XXVIU. 
WATER BACTERIOL()(n^ 


Common things are often little prized, and this is lru(‘ u ater. 
Yet there is no other compound which plays so many and hiirli 
vital parts as does this substance. It composes two-thirds of ^the 
body weight, entering into the make“ii]> ol ev(‘ry lisstit*. I he 
muscles which do our work contain 75 per cent. \vat(*r; the 
which acts as the body protector against poisons c‘onsists of To 
per cent.; the bones, which possess a tensile strength (A 2o.CHKI 
pounds per square inch and are one and one-fourth tirn<‘s as strong 
as cast-iron, consist of 40 per cent.; the brain, the most eoiiiplieate«l 
and wonderful organ of the body, consists of 85 to W piT vvnt.; 
the blood, that cosmopolitan fluid which visits every tissue (d flic* 
body bearing to it nutrients and from it waste prcHhu-ts, contains 
over 90 per cent, water. All the secretions of tlie cllgestivi* glands 
consist mainly of water, and it is not there rnendy as a vehicle in 
which are conveyed the active principles, for it (uitcTS inte# practi¬ 
cally every chemical reaction through whl(di carlx^hydratcs, fats 
and proteins pass in the process of digestion and rradaholiHiii. 
It is the fluid in which are held the mineral nutrients which play 
such a vital part in the life phenomena. WatcT gi V€*h to the t issues 
their plumpness, carries off waste products, regulates tlie body 
temperature and acts as a catalyzer in most reacdirmH. Ihuiee, a 
substance which is of such vital importance and so «4’ten pi»!!iifc«i 
or infected must receive more than passing notices by t!ic» liacteri- 
ologists. 

Classification of Waters.—From a bacteriological viewpoint* 
natural waters are best classified according to their n*Iaticju to the 
rich layers of bacterial growth upon the surface of tire eiirtln There 
are four distinct classes: (1) Atmospheric water, (2) surfii(»e waierH, 
(3) stored waters and (4) ground waters. 

1. Atmospheric water consists of rain and snow. It is renlly 
water which has been vaporized and then condenseif. It csmtniriH 
none of the non-volatile substances and should, therefore, inort* 
nearly approach pure water than any of the other riatiirid Hoiirc’cn. 
But even this is far from pure, for as it falls through the ittmfWfdiere 
it absorbs gases and collects large amounts of floating dirt. Evi»ry 
one has observed how a shower will wash the air so that it I»ecoirieM 
beautifully clean and clear. The minute the water reiicfii»H the 



CLASSIFICATION OF WATERS 


341 


earth further contamination occurs and it is a well-known fact 
that some of the filthiest water used for domestic purposes comes 
from rainwater tanks.' This is due both to the methods of collect¬ 
ing and of storing which pollutes but usually does not infect it. 

2. Surface waters include rivers, creeks and smaller streams 
and are immediately exposed to contamination. They vary 
greatly in composition, depending upon the nature of the catch¬ 
ment basin. Waters flowing through rock, gravel or sand forma¬ 
tion are better than are those which flow over or drain loam or 
swamps. But even the waters from sand and gravel regions may 
be polluted or even infected, depending upon the relationship borne 
by the drainage basin to animal life, and especially to human beings. 
In the thickly settled portions of the country and as the new dis¬ 
tricts build up these waters must be more carefully protected. 
Sanitary workers are being forced to the conclusion that it is 
impossible to protect such waters against contamination, and as 
far as possible such waters should be purified before they are used. 

3. Stored waters include lakes and large ponds. These, when 
fresh and kept free from the pollution with the wastes of human 
life and industry make admirable sources of water. On account 
of the limited area of the drainage basins they are more easily 
protected than large streams. Moreover, the natural agencies 
for purification—time, sedimentation and enormous dilution—play 
a great part in freeing the water from any accidental foreign material 
which may find its way into the water. 

4. Ground waters are of two classes: (a) Deep springs and 
wells, from which most bacteria and other suspensoids have been 
removed by filtration. Such waters in passing through the soil 
take up large quantities of carbon dioxid which has been set free 
by the decay of organic matter. Water heavily charged with 
carbon dioxid has a great solvent action for lime and other inor¬ 
ganic constituents. Hence, while such waters are usually safe they 
are hard and carry large quantities of organic material. (&) Shal¬ 
low springs and wells correspond more nearly to surface waters 
and are often polluted and at times infected. 

Waters are also classified as polluted and infected. A good 
water is one of high standard quality, as determined by physical 
inspection, sanitary survey of the watersheds, clinical experience, 
bacteriological and chemical analysis^. 

A polluted water is one containing organic waste of either animal 
or plant origin. A polluted water is not necessarily a dangerous 
water but is always looked on by the bacteriologist with suspicion. 

An infected water is one which contains the specific micro¬ 
organism which causes disease and is always dangerous. The 
bacteriologist in examining seldom proves that a water is infected, 
but draws his conclusions from indirect evidence. 
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Numbers of Bacteria in Waters.—The bacterial content of the 
several waters varies greatly. Atmospheric waters after a long- 
continued storm may be free from bacteria, whereas rain after a 
long drought may contain many. There is also a variation in the 
number, depending upon whether the rain is collected in the country 
or city. Miquel obtained for the period 1883-1886 an average 
of 4.3 bacteria per cubic centimeter in the country and 19 per 
cubic centimeter in Paris. Snow contains rather higher numbers 
than does rain. Janowski found in freshly fallen snow from 34 
to 463 bacteria per cubic centimeter of snow-water. 

Surface waters are never free from bacteria, but the numbers 
vary greatly from a few hundred, in the case of clear mountain 
streams, to millions, in the case of the sewage polluted rivers. 

The number varies with the turbidity of the stream. The 
Thames River carries 277 bacteria per cubic centimeter in April, 
whereas the Illinois carries between 6000 and 8000 per cubic centi¬ 
meter. The number also varies with the season of the year. In 
May the Potomac River carries about 750, while in March it 
carries 11,500 per cubic centimeter. The number is increased 
when the drainage basin is manured with the various animal 
manures, as it is also by the entrance of, sewage into the streams. 

The bacterial content of lakes is usually lower than that of 
streams, but shows wide variations. Lake Michigan near Chicago 
gives count for from 68 to 2000 per cubic centimeter, while Lake 
Lucerne’s variation is from 8 to 51 per cubic centimeter. 

The same wide variation is showm in ground waters. Shallow 
wells and springs often contain as many and just as dangerous 
organisms as do surface waters. But deep wells and springs contain 
few organisms, and it is not an uncommon experience to find some 
which are sterile. 

The seasonal variation of bacteria in deep wells and springs 
is zero, and where we have seasonal variation in these sources of 
water it indicates surface contamination, and with shallow wells 
and springs it is often enormous. 

Surface waters are subject to marked variations in bacterial 
contents, especially during spring and fall, due to melting snow 
and rains of these seasons. A heavy shower is likely to increase 
contamination by introducing fresh material from the surface 
of the ground. Prolonged moderate rains may have the opposite 
effect and after the main impurities have been washed away may 
dilute the stream with a better water than itself. The net effect, 
therefore, depends upon the character of the stream as well as the 
catchment basin. A stream highly polluted with sewage may 
actually contain fewer bacteria after a heavy storm than before, 
but a normal stream contains more, as emphasized by the following 
data compiled by Prescott and Winslow; 
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MONTHLY VARIATION OF BACTERIA IN A NORMAL AND POLLUTED 

STREAM. 


Date, 1904. 

Bacteria per c.c. 

Bacteria per c.c. 

Lahn 

(normal). 

Wieseck 

(polluted). 

Date, 

1904-05. 

Lahn 

(normal). 

Wieseck 

(polluted). 

July. 

318 

104,000 

December’ 

1220 

21,200 

July. 

132 

156,800 

January’ 

3668 

29,920 

August. 

840 

98,000 

February’ 

5380 

11,900 

October’-. 

235 

28,400 

March’ 

1210 

8,250 

October^. 

420 

58,000 

April’ 

4925 

5,910 

November ... 

2340 

39,200 

May 

570 

14,800 

November^ .... 

: 1740 1 

52,000 

June 

686 

50,180 

December .... 

780 

1 

i 28,600 

1 





Sedimentation.—Bacteria disappear more rapidly from still or 
slow-flowing streams than from rapid-flowing streams, due to the 
fact that the transporting power of a stream varies as the sixth 
power of its velocity. A current moving six inches a second will 
carry fine sand; one moving twelve inches a second will carry 
gravel; four feet a second, stones of about two pounds’ weight; 
and thirty feet a second, blocks of three hundred and twenty tons. 

The sedimentation of bacteria themselves takes place very 
slowly even in still water, for the difference in numbers between 
the top layer and the bottom layer of water in tall jars in laboratory 
experiments of a few days’ duration is very slight, being quite 
within the limits of experimental error. In the natural streams 
however, the bacteria are, to a great extent, attached to larger 
solid particles, and upon these the action of gravity is more import¬ 
ant. Sedimentation is one of the most important factors, according 
to Jordan, in purifying waters. He states that “it is noteworthy 
that all the instances recorded in the literature where a marked 
bacterial purification has been observed are precisely those where 
the conditions have been most favorable for sedimentation.” 

Light.—Light is one of the best germicides, for when it plays 
upon the naked protoplasm of the bacterial cell it kills both vege¬ 
tative and spore forms in a short time. Opinions vary, however, 
as to the part played by light in destroying bacteria in natural 
waters. Buchner found that plates containing B. tuherculos'is 
were sterilized in four and one-half hours at a depth of five feet, 
but were unharmed at a depth of ten feet. Plates exposed at 
various depths and containing various saprophytes gave the fol¬ 
lowing counts after three hours: 


1 Rain or high water due to previous thaw. 
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Before exposure 

At surface of water (per c.c.) . . 2100 

TJuder 20 inches of water (per o.c.) 2103 

Under 40 inches of water (per c.c.) 2140 

Few studies have been made of the eflcct of light on l)a(*t(‘na in 
flowing water. Jordan, after an investigation of s(‘V(Tal Illinois 
streams, concluded that at least in eight moderately tnrliid watc/rs 
the sun’s rays are virtually without action. Much, thcreforcn 
depends on the turbidity and speed of the curnuit, the nuixirniirn 
germicidal effect being produced in shallow, (^lear, slow'-inovirig 
water. 

Temperature.—The action of temperature u})on the l>act(‘ria varices 
with the food and specific organism. When they are in a inediiini 
in which they can grow and multiply, wwinth within reasonable 
limits favors their development. This is true of tlie luitural liae- 
terial flora and may, as was found to be the (‘ase at Harrisburg, 
Pennsylvania, hold for B. coli. But this does not hold for the 
pathogens which in the majority of cases do not inulti]>Iy in wat(*r, 
and, as pointed out by Prescott and Winslow, ‘SvJkui a })a(*teriuni 
cannot multiply, the only vital activity which can takx^ pla.c<? is 
a katabolic wasting away, which soon proves destriudive, and tlic* 
higher the temperature the more rapidly tlie fatal r(‘sult is rea(‘hc<b 
A frog in winter lives at the bottom of a jiond lin'athing onlx’ 
through its skin and eating not at all, but as soon as th(‘ t(un])erature 
rises it must eat and breath through its lungs or ]>(Tish.” llie 
typhoid bacilli will survive longer in ice than in \vat(‘r. "11 h^ 
speed with which they perish varies inversely with the teini)erature, 
as was found by Houston. 

Percentage of tj^houl Period of linn! 
bacilli gundving diHappr^nraneo of 


Temperature. after one week. himlW, wecikg. 

0 . 40.00 0 

5 . 14.00 7 

10.0.07 f> 

18.0.04 4 


In the natural-occurring waters probably many factors play a 
part; sometimes it is the inhibiting action of mifToiirganisrns ant! 
their products on one another; at other times protozoa which feed 
upon bacteria and the development of which is directly proitortional 
to the temperature of the medium in which they are growing. 

Hinds found that in pure, natural and distilled water H. call 
and B. typhosus die from starvation at a regular rate. 'J’he rate 
of death increases with the temperature and is similar to the rat(! 
of a chemical reaction, thus following the mono-molecular law. 

Food.— Bacteria are dependent upon food and resi>ond cjuickly 
to comparatively slight changes in their food supply. Wli(;eler 
found that typhoid bacilli would persist in almost imdirninished 


Sunshine. DiirknesB. 

9 3103 

10 .3021 

2115 .310.3 
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numbers in sterilized water from a polluted well containing con¬ 
siderable organic matter and kept in the dark at 20 degrees, while 
in purer water or in the light they died out in from two to six 
weeks. In unsterilized water the results may be just the opposite, 
for in the presence of an abundant supply the saprophytes may 
multiply at the expense of the pathogens. 

Whipple and Mayer find that the presence of oxygen is essential 
to the existence of typhoid and colon bacilli in water, and even 
small quantities of acid and alkali are fatal. It is for this reason 
that we find few organisms in acid and alkali water of various 
regions. The factors, therefore, which are at work on the puri¬ 
fication of water are numerous, and ''although it is hard to estimate 
the exact importance of each factor, the general phenomena of the 
self-purification of streams are easy to comprehend. A small 
brook, immediately after the entrance- of polluting material from 
the surface of the ground, contains many bacteria from a diversity 
of sources. 

"Gradually those organisms adapted to life in the earth or in the 
bodies of plants and animals die out, and the forms for which water 
furnishes ideal conditions survive and multiply. It is no single 
agent which brings this about, but that complexity of little-under¬ 
stood conditions which we call the environment.'' 

Classes of Bacteria.~The bacteria found in water may be roughly 
classed as: (1) Natural-water bacteria, (2) soil bacteria and (3) 
sewage or intestinal bacteria. There is no hard and fast line 
between these classes, for organisms belonging to the water flora 
are found in the soil and water draining from manured soil will 
contain intestinal organisms. The classification, however, is valu¬ 
able; for the first two groups usually contain the saprophytes, 
whereas the third contains the pathogens. 

A number of attempts have been made to classify water bacteria. 
Ward, in his study of the bacterial flora of the Thames River, 
arranged them into twenty-one groups. But the work is beset 
with certain difficulties which were recognized by Ward, for he 
made the following statement: "My work goes to show that 
species cannot be made out, but that the limits of the species are, 
in most cases, far wider than is assumed in descriptions—in other 
words, that many so-called species in books are merely variation 
forms, whose characters, as given, are not constant but depend on 
treatment. How far this is true for any given case will have to 
be tested on the particular form in question." 

Fuller and Johnson, from a study of the bacteria in the rivers 
of America, suggested a classification containing thirteen groups. 
Their system was based mainly on morphological data, and hence 
they experienced considerable difficulty in differentiating short 
bacilli from cocci. 
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Jorcliiii studied 543 strums of biuiteriu from the Illinois, Missouri 
and Mississippi Rivers and ^rou])ed them into tlie following elassr^s, 
depending upon their biochemi(*aI ])roj)erties: 

I. B. coli communis. 

II. B. lactis aerof/enes\ 

III. B. proteus. 

IV. B. enteritidw. 

V. B. fluorescem liqiiefaciens, 

VI. B. fluorescem nonfliquefacmis, 

VII. B.suhtilis. 

VIII. Non-gas formers, non-fliioreseent, non-sporeforining hae- 
teria wliich liquefy gelatin and acidify milk. 

IX- Similar to (xroup VIII, save that milk is rendered aIkaIin(^ 

X. Similar to (Iroup VJII, save that gelatin is lic|uefied. 

XL Similar to (Jroup IX, save that g(jlatin is not Ii(|uefi<‘d. 

XII. Similar to (iroiq) XI, save that tlie reaction of milk is not 
altered. 

XIII. (diromogenic bacteria not included abov(\ 

XIV. Chrornogenic staphylococci. 

XV. Non-chrornogenic staphylococci. 

XVI. Sarcinic. 

XVII. Streptococci. 

The natural water flora are sapro|)hytes and the most iini)ortant 
members found were: 

Group V {B. fluorescem liqiufludrns) is pro})ably morc^ oftcai 
found in water than any other sjK^cies. It lif|uefies gt^latin and 
produces a green fluorescence. 

Group VI {B, fimmscem no7i-liqu(fli(d^^^^^ produces (?oloni<‘S with 
a fluorescent shimmer and does not li(|uefy gc^latin. ''Fhcy arct 
often very abundant in river watc^r. 

Group VIII: Organisms which li(|uefy gelatin and acidify milk. 
These are closely related to the jiroteus group and some of tlaun 
are B. liquefaciens, B, pmictatus, B. oiradam. ''riiese are found 
more commonly at some seasons than at others. 

Groups XIII and XIV: Chrornogenic bacilli and cocci, dlic* 
red-pigrnented B. produjiosm belongs to this tyi>e, as does also B, 
ruher, B. imlicus, B, ruhesceus and B. ruhejacmis. Thos(‘ pro¬ 
ducing a yellow or orange pigment and belonging to this group arc 
J3. aquatilu, B. ochraceus, B. aurantiacm, B. fulmis. At times 
there occur organisms whi(?h j)roduce violet-pigrmmt B, vinhKru.H, 
The chrornogenic cocci occurring in water an^ not so numerous; 
of these, Sarcina lutea is the most <‘omm(jn spcaies. Tin* non- 
chromogenie cocci, which Jordan class(^s as Croup X\\ arc rnc^rc 
numerous. 

Soil Bacteria.-“''rhe flood waters arc continually carr\njg to tlic 
surface waters soil organisms, so we may at times find any of 
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tlie bacteria which occur in soil also in water. Many of these 
find this an unsuitable medium for growth and multiplication and 
soon perish. But some species, among which are B. mycoides, B. 
subtilis, B. megaterium and B. Mesentericus xidgatus persist for a 
considerable time. 

Intestinal Bacteria.—These are usually of sewage origin. To 
this class belongs a heterogeneous group of microorganisms which 
find their way into water from sewage. Many of them are true 
saprophytes and of themselves are not injurious, but their presence 
in a water constitutes a danger signal to the bacteriologist. This 
is especially true of the B, coli group of organisms, the natural 
habitat of which is the intestinal tract of the higher animal—man. 
Hence, whenever there is opportunity for these organisms to find 
their way into waters there may also be opportunity for the patho¬ 
gens which cause typhoid fever, cholera and dysenteria to reach 
the w’'ater. It is, therefore, certain that even a little sewage may 
cause much damage if it enters a water supply for only a few hours 
at rare intervals, but it is the slight continuous infections which 
can give rise to a prolonged outbreak of disease. It is well estab¬ 
lished that typhoid bacteria die quite rapidly in ordinary waters, 
and so far as known never multiply in such waters, as is seen from 
the following (Mills): ‘'To prove whether typhoid-fever germs 
would survive in the Merrimac River water, when at the low 
temperature of the month of November, long enough to pass from 
the Low^ell sewers to the service-pipes in Lawrence, a series of 
experiments was made by the Board by inoculating water from the 
service-pipes with typhoid-fever germs, and keeping the water 
in a bottle surrounded by ice, at as near freezing as practicable, 
for a month and each day taking out one cubic centimeter and 
determining the number of typhoid germs. The , number continu¬ 
ally decreased, but some survived twenty-four days. 

" On the first day there were 6120 germs. 

On the fifth day there were 3100 germs. 

On the tenth day there were 490 germs. 

On the fifteenth day there were 100 germs. 

On the twentieth day there were 17 germs. 

On the twenty-fifth day there were 0 germs.’' 

At a higher temperature the life of the organism would have 
been of even shorter duratioli. 

Our information in regard to the cholera vibrio is not quite as 
definite, but experiments indicate that it may multiply to some 
extent in sterilized river or well water, and that it maintains its 
vitality in such water for several weeks or even months. 

Natural Purification of Water.—Nature’s methods of purifying 
water are mainly: 
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1. Evaporation and condensation which gives tlie i>ur(!st ol' 
natural waters. Millions of gallons of water are annual I,v cv'a jx)- 
rated from the surface of the globe. Thus, we liave an cuonnous 
natural still by which water is constantly being i)urificd in Nature. 

2. The self-purification of running streams wliich although 
important is often hard to estimate quantitatively. It is du(^ to 
many factors, chief among which are; (a) Chemical -the o.xidution 
and reduction of organic and inorganic cjonstituents of the water 
with the formation of simple substances wliich are not w(;ll suited 
to the maintenance of life and growth of many forms of bacteria, 
and the germicidal influence of sunlight which is an imjiortant but 
very variable factor. (6) Biological—the death of microiirgan- 
isms through various not well-understood conditions grouja'd under 
the heads of symbiosis, antibiosis, time and various other means, 
(c) Physical—ot which dilution and sedimentation an; the nion; 
important. 

3. The storage in lakes and ponds which through tla; jirolonging 
of the time of action greatly intensifies those factors at work in 
the natural purification of running streams. 

4. The combined physical, chemical and liiological action of 
soil upon water which filters through the soil, d'his is oiu; of 
Nature’s greatest purifying agents and stands seiuual to (;\-ai)ora- 
tion and condensation in effectiveness. 

Artificial Purification.—Those methods whicli arc so effective in 
the purification of water under natural conditions are usually the 
methods which are made u.se of in the artificial purification of 
water. Only a few of the be.st known can be briefly considereil 
here. The student who is more deeply interested in the subject 
is referred to any of the rnany comprehensive works on this subject. 

The slow sand filter frees water from impurities througli the 
interaction of sedimentation, filtration, and the biological destruc¬ 
tion of organic matter and bacteria. It has been extensively used 
for over one hundred years, but a great impetus was given "to this 
measure when Koch, in 1893, showed that the proper filtrati(»n of 
the water from the Elbe River saved Altona from an (;pi<l(!mic oi 
cholera which devastated Hamburg which was using unfiltered 
water. 

The method consists in causing water to j)asH through a laytrr 
of sand of such fineness and thickness that tlie reriuisitt; rcmo’\-al 
of suspended substances is accomplished. The filter as usuallv- 
coMtructed is a ba.sin having a w'atcr-tight cf)ncrete base; on the 
surface of which are laid i>erforated tikis or piixjs. d'hes(; are 
covered with about a foot of gravel graded in size from 2.o to nun. 
in diameter from bottom to top. Over this is placed three or four 
feet of sand which acts as the real filter. The water pa.S8es through 
this and is conveyed to the mains by the underlying pipes. 'J'he 
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suspended material, including bacteria, is removed by the sand 
which becomes more efBcient as used, due to the rapid formation 
of a mat of finely divided sediment, in which protozoa often multi¬ 
ply, and assist biologically in removing many bacteria. In time the 
mat becomes very thick and the filtration although effective is 
unduly slow. The water is then allowed to subside below the 
surface and about half an inch of the sand removed, after which 
filtration is resumed. The sand removed is washed to free it from 
collected impurities and is later replaced on the bed after succes¬ 
sive scrapings have reduced the filter to about one foot in thickness. 

The filters are usually divided into units of convenient size, 
about half an acre, so that one unit may be cleaned without inter¬ 
ruption of the system. The slow sand filter removes about 99 
per cent, of the bacteria, about one-third of the coloring matter 
and its long effective use has established the fact that it has a favor¬ 
able effect upon the health of the community where used. 

Chemical Method.—The chemical disinfection of water on a 
large scale is now almost exclusively effected with substances 
yielding chlorin, chief of which are bleaching powder (chlorid of 
lime), sodium hypochlorite and free chlorin. The action of these 
substances is essentially similar and dependent upon the quantitative 
active chlorin which they contain. They are usually added in 
quantities sufficient to give from 0.5 to 1 part of active chlorin 
per million parts of water. 

The use of bleaching powder in the purification of waters is 
cheap, reliable, harmless and easy of application, which makes it 
an attractive method, but when used on impure waters containing 
organic matter it gives rise to amins, chloramins and other com¬ 
pounds of unknown composition whic]j impart to the water unpleas¬ 
ant flavors. ^ 

Alum is often used either alone or in connection with the mechan¬ 
ical sand filter, and if used under controlled conditions is very 
effective and leaves no undesirable constituents in the water. 
The quantity should be accurately determined for each water as 
it varies with the turbidity and quantity of calcium carbonate 
contained in the water. 

Potassium permanganate is often used in the disinfecting of 
small quantities of waters, but its effectiveness cannot be depended 
upon except against the cholera spirillum. Moreover, the disagree¬ 
able taste and the color imparted to the water are a serious drawback. 

Chlorazene, the new disinfectant suggested by Dakin, has much 
which commends itself for use in the disinfection of small quantities 
of water, as in the concentration of 1 : 300,000 it will sterilize ordi¬ 
narily heavily contaminated water in thirty minutes. Such a 
concentration imparts a very slight taste to the water but is per¬ 
fectly palatable. It is non-toxic and if used for only short intervals 
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would probably be without effect upon the health of the individual. 
The compound, chlorazene (p-sulphondichloraminobenzoic acid— 
CI 2 NO 2 SC 6 H 4 COOH), is excreted in the urine as p-sulphonamido- 
benzoic acid. 

Ice.—It is often the case that water which one would not con¬ 
sider fit for drinking is used in the manufacture of ice. This 
should not be the case as the freezing of water reduces only slowly 
the number of organisms present. In fact Keith considers that 
low temperatures alone do not destroy bacteria. On the contrary, 
cold appears to favor longevity doubtless by diminishing destructive 
metabolism. 

Probably the decrease in number is due to mechanical rupturing 
of the cell, lack of oxygen, food and moisture which are due to 
the low temperature. Although there is a decrease of bacteria, 
yet experiments have demonstrated that even the pathogen Bacillus 
typhosus may persist in ice for one hundred days. The cholera 
vibrio perish much sooner. Hence, the evidence is conclusive 
that just as pure a water should be used in the manufacture of 
ice as is required in domestic supplies. 






CHAPTER XXIX. 


WATER AND DISEASE. 

History is replete with facts indicating that early in the history 
of the race there was a general conception that water might cause 
disease. Early tribes sought out those streams and springs which 
yielded a generous supply of cool, clear water. They followed 
them on their course to the sea and learned that some furnished 
water which promoted health, whereas the user of other waters 
suffered certain plagues. Centers of population sprang up in 
ancient times around those points where water was readily avail¬ 
able and great expenditures of labor and treasure were made to 
protect and carry it to places where it was needed. About 400 
B.c. Hippocrates pointed out the danger from polluted w^ater and 
advised the filtering and boiling of such water. But apparently 
during the following centuries no relationship was observed between 
the character of the drinking water and the epidemics of typhoid, 
cholera and other intestinal diseases which swept over Europe. 
During the Dark Ages the belief that water caused diseases of the 
human race became very popular. But the attributing factor was 
thought to be witches who by some occult magic ])oisoned pure 
wells, springs and streams. 

The statements in the literature during the beginning- of the 
nineteenth century became more definite, showing that the rela¬ 
tionship between the character of the drinking water and the 
prevalence of intestinal diseases was being recognized. By the 
middle of the century Michel had collected such a mass of statis¬ 
tics as to warrant the conclusion that there is a direct relationship 
between the purity of a drinking water and typhoid fever. 

Disease First Definitely Proved as Due to Water. —The first clear- 
cut demonstration that disease is caused by infected water was 
that of the now famous Broad Street well (1854) so ably studied 
by Snow. During this outbreak of cholera in London there was 
an enormous concentration of cases in a very limited area just 
east of Regent Street. There were during a period of about six 
weeks over 600 fatal cases. A careful study of the site, soil, sub¬ 
soil, streets, density and character of population, dwellings, yards, 
closets, cesspools, vaults, drains, conditions of cleanliness and 
atmospheric conditions revealed nothing of importance. A study 
of the water supply revealed the following facts; 
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1. Nearly all of the cases were nearer a certain public |)ump 
in Broad Street than any other sour(*e of watc^r arid most of tla^in 
gave a definite history of getting water from the ininp). 

2. Of the few eases which developed outside of tlK‘ an^a su}h 
plied by tlie purn|) most of thcmi were known to hav(‘ drunk water 
from the Broad Street well. 

3. The few scattered raises in distant jiarts of [.ondon were 
individuals who had used water from the wr^ll. 

4. Right in the midst of the district was a workhouse^ with 23)5 
inmates and a brewrTV with 70 employer's, rraxth liaving its own 
well, and there only 5 d(‘aths in thr^ workhousr^ and nom^ in 
the brewery. 

5. It was shown that a ])riv'y vault and c(*sspool in an adjoining 
house discharg(Kl through a l(‘a,ky drain which ran witliin two 
feet of the Broad Strecit wrJl. 

(). lliere were 4 fatal <*uses of (‘hoIr‘ra in the house* at tin* timr* 
of tlie outlireak and earlirT cases which wr*rc‘ protiably (‘hoh*ra. 

It was not until 18 <S() that the typhoiri bacillus was i.solatr*d 
by Eberth and studied in drttail by (Jafky in hSS4 that w<* had 
definite information <?oncerning the (*ausativr* agent of typhoid 
fever, the way in whi(4i it leaves the body, and the routes l>y whicli 
it may reach drinking water. '’Hus samr* yr^ar Jvoch isolat(*d thr* 
(‘holera vilirio from stools of jiatients suffering with the disr*ase. 
He also isolated the* organism from tnnkwater in India. We now 
know that wiiter is a vehicle for a nurnbru’ of infections .su<*li as 
ty})lu)id fever, cliolera, rlysentery and other intestinal disr*ases. 
It may be the medium for conveying infractions not now grmrTallx' 
regarded as water-borne. It may carry inorganic poisons sueli as 
lead, or may lie of such a nature as to firing about dcrangcurirmts of 
metabolism resulting in goitr^r, or may lowr^r n‘sistancc% so as to 
favor infe(*tions not watr^r-borne. It occasionally conve^ys animal 
jiarasites, amefae and worms. 

Amount of Sickness due to Water.“-”Watr*r is jirolialily r(‘sponsil>le 
for more sickness and death than any oth(*r article of diet except 
milk. This is due to the facts: (1) That it is used raw, while 
many other substances are rendered sterile by cooking; (2) water 
comes in (*ontact with numerous suhstarK?eB upon the eartffs surface 
and is a universal sohx^nt; (3) it is used as tlie great vcdiiele for the 
riunoval of waste, much of whicdi may eontain iiathogenic* orgahisms. 

It is difficult to obtain statistic's to indi<*ate accurately tlu! mor- 
liidity and mortality due to impure water, Init Whi|)ple states 
that the average typhoid death-rate in American (utic^s is aliout 
35 per 100,000, while cities with a good water supply averagcj 20. 
He, thcjrefore, attributes 40 per cent, of the typlioicl fever of t\m 
United States to infected water. Chapin, however, (‘onsiders it 
would be more conservative to place it at 15 per cent, for the wliolc 
country rather than at 40. But even these figures show a large 
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unnecessary mortality and morbidity when we remember there 
were 25,000 deaths in the United States in 1910, representing at 
least 250,000 cases. 

Dysentery and diarrhea, although not as fatal as typhoid fever 
or cholera, are not to be neglected, for when we consider the sick¬ 
ness and economic loss resulting each year in the Ihiited States 
from these causes, much of which is due to infected Avater, Ave 
find that they are not negligible. Moreover, the better care of 
drinking water has resulted in a marked decrease in the ravages 
of dysentery, for it is estimated that the mortality from dysentery 
in England toward the end of the last century was but a fraction 
of a per cent, of what it was in the middle of the century. More¬ 
over, the reduction of dysentery in the United States has kept pace 
with the advancement made in water protection and purification, 
as seen by the fact that the death-rate from dysentery in this 
country in 1850 was 6.32 per cent.; of the total mortality in 1860, 
2.65 per cent.; 1870,1.6 per cent; and in 1880, less than 1.5 per cent. 

The Mills-Reincke Phenomenon.—-Mills, of Lawrence, Massa¬ 
chusetts, and Reincke, of Hamburg, Germany, in 1893 noted 
that the purification of the water supplies of their respective 
towns was followed by a decline in the general death-rate which 
was more rapid than could possibly be accounted for by the death 
from typhoid fever. This condition was later searchingly studied 
by Sedgwick and MacNutt who gave to it the name of the Mills- 
Reincke Phenomenon.” Later (1904) Hazen, a sanitary engineer 
formulated a numerical expression for the comparative effect of 
purified water upon the typhoid fever and total mortality as fol¬ 
lows: Where one death from typhoid fever has been avoided 

by the use of a better water, a certain number of deaths, probably 
two or three, from other causes have been avoided.” This propor¬ 
tion varies greatly in different instances. It was 1 to 16 in Ham¬ 
burg, in Lawrence 1 to 4.4, Lowell 1 to 6, Albany 1 to 4.4 and 1 
to 1.5 in Binghamton. Hence, in all of the cases studied by Sedg¬ 
wick and MacNutt it appears to be sound and conservative, but 
in some of the American cities more recently studied it does not 
appear so exact. 

The cause of this decline in mortality is not clearly understood. 
It may be due to the exclusion of specific pathogenic organisms, 
to increased vital resistance resulting from the use of a better 
water, or in some cases the appearance and taste of the water 
may be improved with the result that greater quantities are used, 
and hence a better condition of the body in general. Probably 
many factors are at work and these studies have revealed a remark¬ 
able relationship between polluted water and infant mortality. 
Rosenau considers that it bids fair to assume a causal importance 
in gastro-intestinal disturbance of children second only to that of 
contaminated milk. 
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Cholera.—Water has l)een ])r()ve(l to tx^ th(‘ causative^ a^cait in 
the conveying of c*holera in a. mnnlxn’ of instan(*(‘s. 31i(‘ two best 
known eases arc that of th(‘ Broad Stre(‘t w(4b which has 
already been eonsiderc^d, and the e})ideini(* of bSb2 in Ilainbnrg. 
This latter will (wer rcanaiii classic on account of tin* (*learn(‘ss of 
the circin!istaMC(‘s and tlu^ fact tliat th(‘r(‘ is no missing link in 
the chain, of evid(‘n(‘e, as th(^ cholera, vibrio was isolated from the 
hdbe 1 liver water. 

'idle Hainhurg epidemic occurred in bSi)2, and in a littk* ov(T 
two months th(u*e wctc 17,000 (*as(\s with NiiOo (heaths, wlunaais 
Altona, which in r(‘ality forms with Hamburg on(‘ large* <‘ity, was 
practically fr(*(‘. Tin* two citi(‘s an* liuilt on tin* smm* siyil, ])ro- 
vided with tlui sa,m<‘ s(*vvag(‘ system, ami Iiavi* tin* same climatic* 
conditions. They havi* the saim* social customs and wen* sepa¬ 
rated only by a ])oliticaI boundary lim*. Tlx* boundary runs 
tlirough a street on one side* of which is Altona and on the other 
Ilaml)urg. They have s<‘parat(‘ water suppli(‘s, but both <leri\'e 
their water from the Kllx* River which is a grossly pollut(*d str<*am. 
ITowev(‘r, the water supply for the city of Altona was purifiexl by 
filtration, while that of Hamburg was nob Tin* boundary of 
the e])idemi(‘ was just as cl(‘ar as was tliat of tlx* wat(*r s\'stem, or 
in the words of Koch, “(*hol(‘ra in Hamburg went right up to tlx! 
boundary of Altona and th(‘r(* stopp(*d. In one street, wliieli for 
a long way forms tlx* boundary th(*re was <*hoIera cm tlx* Hand)urg 
side, whereas the Altona side* was fnx* from it.” 

Typhoid.~ (’ontaininated wat<*r was tlx* first recogifr/xxl aixl 
probably the most significant v(*hicl(t (d typlxml intV(*tion. The 
improvement in water sup]dies during r<‘(*ent y(*ars has lx*en rf*s}Km- 
sible for tlx^ reduction in typhoid morhidity. Tlx* n‘sults c*ompile<I 
by Koher clearly show the (‘fleet of improv(*d wat(*r supplies on 
typhoid rnortalitv' in Am(*riean eiti(‘s. 

KFFIOCT OF WATKK PFHIFX’ATIOK ON (JKNKHAI. AND TYPHOIO 
DKAam-nATK. 
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Water still remains the most important single channel by which 
the typhoid bacilli reach the human body. Estimates vary as to 
the actual percentage of typhoid cases which are referable to water 
infection. It is placed by various authors at from 10 to 40 per 
cent. According to Gay, Schuder found that of 640 typhoid 
epidemics 22 per cent, were due to water. Schegehdahl found 
that of 682 cases about 33 per cent, were water-borne. T\^phoid 
is, therefore, the most important water-borne disease. 

The proof that a typhoid epidemic is due to water infection 
is usually indirect, for the actual isolation of the offending organ¬ 
ism is effected with considerable difficulty and has been accom¬ 
plished in only seven or eight cases. However, in those cases 
where it is found it is not always possible to prove that it was 
present at the time the infection occurred. Strong presumptive 
evidence is given whenever waters are proved through the presence 
of colon bacillus to have been infected by sewage. 

The best evidence, however, obtainable that a specific typhoid 
outbreak is due to polluted water is that obtained by the e})idemi- 
ologist. He knows that the important characteristics of water¬ 
borne epidemics are: 

1. They may be preceded by a period of dysenter\\ 

2. The epidemic usually has a sharp onset, the curve rising to a 
peak and the decline being rapid. 

3. The cases are quite evenly divided over the city, that is, 
provided the city is served by a municipal supply. 

4. They nearly always occur in the spring, fall, or winter. 

5. The pollution is usually nearby and the epidemic is of short 
duration unless there be a continuous source of new infecting 
material. 

The work of the epidemiologist is vividly portrayed by Hill 
as follows: 

'^To illustrate the general principles, let us suppose notification 
be received that a typhoid fever outbreak exists in a far-off com¬ 
munity. The public health detective packs his grip and goes. 
He knows no details; he has never heard of this particular com¬ 
munity before; he has not even any general information about the 
character of the country; he enters the community with no pre¬ 
conceived ideas. But he does know how typhoid fever originates 
and how it spreads. Water, milk, food, flies and fingers are the 
routes—typhoid cases or typhoid carriers, the source. His duties 
are to find both; and to find them, not as a scientific amusement, 
or as a matter of record; not to furnish food for speculation—above 
all not to make a show of doing something —to stop the outbreak, 
and then to advise measures to prevent recurrence. 

“The public health detective on entering the community affected 
by typhoid fever does not first examine the water-supply, the 
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inilk supply, flu* s(‘\vaj^(‘ disposal sy,st(‘in, flu* uiarkot>. ihr Intrk 
alleys, the dairu's, or anythiujL^ (‘ls<*. Hr (jnrs diirrflji fu thr hcd.^hlvs 
of the potimlH. Of course* lu* must (d>taiii the names ami addressees 
of the patients from soiu<‘on<‘ froni the hK*al health edfic'cr, if he 
lias tluun; from the* attemdin^ physician, if the health officer has 
no list; from the* lay citiz(‘ns t hemsch'cs, if no (jne <*l»e is inmiediatel\’ 
availahh*. The* more eoinph'te* the* list, the faster he can work, 
because* them lie* is not eouipe‘Ile*d to hunt up the* eases p<TsmialI\'. 
Hut if there* he* no list, he* he*fciiis makini^ one himself. Ills uih o- 
timi is to ,see just as matt if /mfieafs as hr raa, lor <*ae*h funiishe's e*vi« 
deuce a,nd lie* wants it all. Hut he* knenvs that it is not always 
n(‘ee*ssary at this sta^e* tei se*!* ahse)lute*Iy all the* patie'iits, >(» hui|x 
as he* se*(‘S the* majeirity. 

“Heaehing the* patie*nt’s he‘elsidt*, his iiivesti^atiem la'iiins. 
Automatically, alme)st me‘('haiiicalK-, he* ele*cide*s \vlH*tla*r nr not 
the patie'ut has typhoiel fe*ve‘r or not. Satis{i(*d eai that point, 
his first epu'stiem is not, *T<*11 me* all the* eliHVre*nt wale*r supplie*s 
you have* us(*<l, or all the* source/s of milk you have* use*d.’ dlic* 
first (pu'stion is, ‘Wh(‘U elid yeai first .sliow the* e*arli«*st symptcaus <if 
theMlisease*?’ Why? Ih‘eause* this date* e>m*e* fixed, at whieli iufea** 
tiou (‘iiter<*d the^ patient’s tuouth is fixeal alsen/. r..a elate lN*twc*<*n 
eine* and thre*e W(*(‘ks [)revious to the* date* of tlic e*arlicHt \\niptmiis. 
Heaneinhe*r that at that sta^e* the* elf*te*(‘tivf* may m)t have* e*\en an 
inkling as to which eif the* usual fai'tors wate‘r, milk, foiHl, fliers 
or fing<‘rs is inve)lve*<l. Still l<‘ss cun he* whi<*li parlie*uhir 

wat(*r supply, milk supjily, e*te., of the* many peessihle tme*s, may he 
the guilty one*. Ikut tlie aiisweT tei this c|u<*sti(m reilue'f*^ possi- 
hle rout(*s to those used hif this paiirni neU at an> time loif durinfj 
a sperifie period, i e., from one* to thre*e* Wf*e*kH prece*eiing his elate 
of eairlierst sympteinis, 

“Net y(‘t, howe*v<‘r, an* the* milk am! wate*r epiestionH oflVreeh 
The* se*eond (pje*stieui is * \Vlie‘r(* w<*re* yeai during that iierieM!?’ 
Wliy? !k*eause if the* patiemt \ve*r(‘ mP in the eoininiiinty during 
that p(*ri()d, he* eeuild ne)t have* eaui true‘ted hts infeetion witliiii it, 
and clo(‘s not herlong to the* oiithr(*ak nndeT e*\aininaliem at all l»iit 
to seune* ollie*!*. He* is in brief an ‘iniporteel ease,’ ami %vfiile% e»f 
eeinrse, he* is to be* suf)e*rvise*(l I(*st la* spread Ins infeetion to ofliers, 
he eaimot h(*lp to loeaite* the Houre*(* of the* main outhreiik unless 
perchaiH*e he* he himse*lf that sourc*e. /. r., the infreMliieer to the 
(‘omnnmity of the* original infea*tiom If he* he* an imported ease 
he* is noteal for fnrthe*r re*IVr<‘nec‘ and the* de*te*etive* gea*:s fo aiiofh<*r 
I)atie‘nt. If not, the* (|ue*.Hti(ms eontiiim*. But m»t yet is water 
or milk ea* fhVs mentioned. The third cpie-stion is, ‘Were* yon as,sen 
eiat.(‘d during your pe*rioei eif infeetion with, any then known typhoid 
ease?’ Why? Ik*eaiist‘ such aHHoedution, eH|W‘c*iiil!y if iiiliitiate, 
makes it more ]n*ol)al,ik* that tfie ease* imdcT exainiiiiition retTivrd 
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liis infection from the preceding case, rather than from any general 
route and that he is, therefore, a "secondary case.’ If he had 
such associations, this is noted for further reference and the investi¬ 
gator passes on to another bedside. If not, the questions continue, 
and now at last take up milk, water, food, etc., but of course only 
so far as to determine those used by the patient during his infec¬ 
tion period. 

‘"Then the investigator passes to the next patient. What has 
he learned so far? Nothing much yet. But he has narrowed the 
possible routes of infection to certain water supplies, certain milk 
supplies, certain food supplies, etc., L e., those used hy the first 
patient during a certain period, and he has done this in thirty minutes 
—in scarcely the time it takes for the old-style investigator to get 
his bottles ready to collect his first water sample. 

‘"At the bedside of the second patient, the same inquiries in 
the same order are made. If this second patient be an imported 
case, or a secondary case, he also is merely noted for future refer¬ 
ence. If he be a primary, however, the origin of his drinking water, 
milk, food, etc., during his infection period are also ascertained. 
Perhaps he coincides with the first patient in every detail of aliment¬ 
ary supplies, in history and associations. If so, nothing much has 
been added to the detective’s knowledge. But more than likely, 
dissimilarities have developed. Since the responsible water supply, 
milk supply, etc., must be one of those water supplies, milk supplies, 
etc., used in commmi hy primary cases, all those not common to 
both of these primary cases may be dropped from consideration 
(except in rare instances of multiple routes). Thus, if both have 
used the same water, water from that origin remains as a possi¬ 
bility. But if the water supplies have been diff'erent, ivater is 
eliminated from the question entirely. If the milk supplies are 
identical, milk remains as a possible route of infection; if not, 
milk is eliminated from the question entirely. 

* In brief, provided the information obtained be reliable, and it 
is part of the public health detective’s training to distinguish at 
a glance truth from falsehood, the honestly mistaken, or forgetful, 
or stupid replies from the reliable ones—and above all never to 
believe anything (to, the extent of recording it) unless it is checked, 
confirmed and established as a fact, the modern investigator has 
in one hour narrowed his investigation to a point which the old- 
style investigator often would not reach for weeks. 

“And so from patient to patient the inquiry proceeds. In the 
course of the day the investigator has seen perhaps 30 patients. 
The tabulation (probably already made in his own mind) shows, 
say, 3 imported cases, 5 secondaries, 2 uncertain or indefinite. 
The remaining primary cases show in common, say, 1 water supply 
only, the milk, etc., varying; or 1 milk supply only, the water, 
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etc., varying; or no connection except attendance at some one 
social function. 

Going straight to the route thus indicated, the public health 
detective quickl;\^ confirms the indications of his results. He knoivs 
that the route indicated must be the guilty one, for only that 
route can account for all the cases. He concentrates on that 
route until the evidence is complete—when and how that route 
became infected, when and by what sub-routes the infection was 
distributed, why it infected the patients found and not others, etc. 

'Hn this illustration I have assumed complete ignorance on the 
part of the epidemiologist as to everything connected with the 
community he is investigating, except what he finds by cross-exam¬ 
ining the patients. As a matter of fact, every epidemiologist, 
however much a stranger to the particular community he enters, 
begins to learn about it from the moment he enters it. 

‘‘Thus, almost unconsciously he notes the size of the town and 
compares it with the number of cases reported as existing; if it 
is summer time he almost automatically notes the presence or 
absence of open toilets in the backyards, of manure piles and of 
garbage cans—all bearing upon fly infection. If it is winter time 
or the community be well sewered, he does not even consider flies. 
If the cases are grouped in one quarter of the town, while the public 
water supply extends all over it, he tentatively eliminates the 
water supply before he asks a question. If good surface drainage 
and a sandy soil exist, or driven wells are chiefly in vogue, he 
tentatively eliminates well water—even before he registers at the 
hotel. 

''This is not and cannot be a complete synopsis of all the com¬ 
binations of circumstances which the epidemiologist meets. It is 
intended to illustrate his methods and to show why they are incred¬ 
ibly rapid and incredibly accurate—how they eliminate • specula¬ 
tion and guarantee a correct solution—which means, of course, the 
achievement of the great end, the finding of proper measures for 
suppression. 

"As soon as the route is indicated, he must go to that route^ and 
establish beyond peradventure that it was in truth responsible. 
A water supply cannot convey typhoid if typhoid fever discharges 
have not entered it. There is no object in attributing an outbreak 
to fly infection from toilets into which typhoid feces have not 
been discharged at such a time as to account for the cases. A 
milk supply, not handled at some point by an infected person, nor 
adulterated at some time with infected extraneous matter cannot 
convey typhoid. Whatever his results, they cannot be true unless 
they are consistent—they should not be accepted unless they are 
provable—and proved. 

"If the public health detective is familiar with the community 
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where the outbreak occurs, including its water supplies, its milk 
supplies, the sociological relationships of its people, etc., he can 
often tentatively determine the cause of the outbreak by a mere 
inspection of the names and addresses of primary cases, especially 
if plotted on a map of the community, taking into account also 
the time of year, and other general points. But such deductions, 
while often wonderfully reliable, can never be as conclusive and 
satisfactory as are the results of an investigation by even a total 
stranger, if the investigation be conducted as above described.” 

REFERENCES. 

Savage, W. G.: The Bacteriological Examination of Water Supplies. 

Harracks, W. H.: An Introduction to the Bacteriological Examination of Water. 

Prescott and Winslow: Elements of Water Bacteriology. 

Thresh: The Examination of Water and Water Supplies. 

Mason: Water Supplies. 

Rosenau: Preventative Medicine and Hygiene. 

Don-and Chisholm: Modern Methods of Water Purification. 




('HAPTKIt X\X. 


SKWAHK A\n .-KW 

A!\\ tlint liMth t-'-ilirfi*' aiut.ii;' rr'.i mIi ^ 

{Iriiuifi*! that !»** frratn!. in llir* r-ir!;' hTt^r;'. 

f»f llir ra*'i' aial al h i.f a lii Jrirf fin- |iil ur lr«ia li ia a . ii *■»! Imf fiir 

fli‘.,|Hr..at uf tUr Latrr tfii'- - liiaai mifli .iMjiia hra^'lv 

♦ »r niiiiiii !»» parfh* iliifuaMU iiiIm tia* 'iirrniiii«|iiii,» ^miL 

aiai lla* t-MijfaiHiiia?i»»iJ *4 fh»' tt!i«'ii 

rn\*T«''«l. fa’raiiii* ilii- rr . u|iir)i I'-. Iar|..!»'lj' III u ill fara! 

riii'■ fnila}. A- |♦n|♦ulali»a^ iniTfaa-‘“‘I ^ufh if: **ai faiifl’^ 
Ufliintr uf liiiHiait -‘A'a-Jr ih*' ««!*! liiffliMil • lirr'aliii" ilia*!*-- 

i|Uat*n aiai liaiaa* lliiia* Ija'^ »ii“\rl«f|rtal flit’ iiiuilfiii triii, 

Sourcii* Co«tp 0 «ition iml Quanlily cif Sfiwgffr, A »Mt;. . M-niH.!!- 

riara’^t-'.. of fhr jaihlif wati-r "liiifilf- i-arr^tru* litiiiian aii4 aJiUnai 
o\fi-ala. rrfna- from l!i«' yt*-h»in latiH*ir;>* iiiaf:aifiP f nriiu:^ r .,ta!»-» 
li4aiaiit-'^ iiiat tlif' ihi-t aii»i »!irt **f t!i»’ . It-. r.' 

ifiriT'lH' ii-r*f|I*irU*»iial f*» fh*" rMiraiiii|»!3oii *if m ni*"' 

III 'aiiail oifit’- it itia^ Im' a- Inw a--- «»r lift" |^■!'ai!*a^ fw*-!* r'aiiita 

iu lar^a-r it nia^ rrarli fiaaii Ititt Im .3^1 

Iff OVf’f. 

If- iaiifi|ii.#'4li<»ii <i<’|waal''- iljaiii tin* «»f j«*|iii}atiMii, llit' 

iMOiiliia’ ainl Kiinl--- «»f r'^faltliAilririif'n ainl *Ala*t||i'r 

tlaii’ f-.- a <*|*arat*' Mr fiiiiilain-ii Wiii'fr tfir* roijilriipii 

i:^ li-'ni ilir r«aii|-MiafiMii iin*l mI tli*' 

with ihf* raiiifjill liini ‘'•froi*! llirri- n ai'-^M a iiiiinirtilr*»ii 

ill i|iiaiitify ami roiiijitiHifiMii iit iiifc»}it. 

I^’siiirr fiir i-4imat«‘'»i allioiiiit »4 ifn :ar.|*rii4»-t! ili 

fin* \«*\v <1ty |irr l*iit iitlia!*ilaiit luaiiiali} Jr: 

ImIIhwsj 

t • y s I >i 
h i *n 

. ft.. 

Irrr. , . 

^»H^p m^*\ ^ 

Nn*'» ^ 

■* * 

From t}i«* \irw|a»iiif of juirifiratioli ’•.ruai.y^ rfiiiiaiir-^ 

t’ltrfif»!i>«inif*»'% ut*n% Jill*! iit|it*r oriiiHiP’ "iili-laip-r''.. 









itAdiaHA /.V SmVA(JH 




111 ** illiuiilipnv'.riit an' and salpluir. "riiK' 

i|iiaiiiif;^ * 4 ' |irr-<iit liftiTiuinrs tin* iiatun* and rc'pidsivi'nc'ss 

tit f!i*‘ r«’ nil 111*4 |ir{,Mhi4i 

Biictaria in Sewage, lla* riiunlK*r an<l kind nf Ijadx'ria. in s<*vva,g(i 
. tvid* !;. ttilli if^^ rianfxtHitidn and <irigin. According;* to Kull(*r 
if f ufitaiii .’kin Uiliioii for oarli |H*r.s(ai conncctc'd with tla* st‘W(*i* 
fiiii. doiifi (III franid IL mil to av(*ruge about o0(),0()0 {hm’ c.c. 
I b" I' Mbtiii f ho foilowiii^ >pooi<*s front tlieorudc* S(‘wa.g;(* of (’olundms: 


NtunlHT of 

j»f». lotnid. 

a . . .. 21 

II x 5 .: . .. HI 

II H 

it »?if ">* nS-') i» '/i ■: 7 

It ■.. 4 

a 3 

II VM ^ .3 

ll ! ■,-> '^.i<'li 3 

a U . .......... 2 


il i. 

a s=,a-sa».-! 

Il, '4 .» vv.l^'MjlOiSHoni 


|l - lyir ! . .1 

ii I 

If 1 

|.| r «■ I* ,■> I 

|i , .1 

Il jff■/*<!»■•(# :• i .... I 

II, I 

||. *jjr-r'i 0 I 

., 11 . r. . .. 1 

,||. I , , , . , 1 

*l|. umplnH . . ..1 

31 . ............ 1 

a?'; f fh 1 

, . ... . . . . J 

,*^*1,'. , ..1 

f'ijfyrM.?!! . 1 

lO Jj# t#! ..I 


III iiildifiiin to many of flic pathogcti.H may find tlicir way 

info .i waj-r mid Htirvivi* for vnrion.H lengths of fiiiic. 

Ihrtvmcr, flic infcrc.st ^•cntcrH more in the changes produced by 
the \iirionH biictcria found in sewage fliati in the specific classes. 
,\Io4 of fliem are not only liarniless, but of f'cmiim* imporfaiiee 
ill the iTononiy of Nature fliroiiKb flic si-nvengering work wbii'b 
fhey in-coniplish. few of tliem are danK«>rons on account of 
their einisiny; certain infectious disiaises. Many of them play 
an ini|«trfiiiil role in decompo.sitiK sewage with the format ion of 
mnhMioroiis jjases mid jirodiiets a.ssociated with putreluctivc‘ 
ruiiwuiee^. 

'I’he iiKKiern Iciidciiev is, therefore, to classify sewage bai'tcria 
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Cellulose fermentation, next to protein hydrolysis, is the most 
important work of bacteria in sewage purification. Paper, cotton 
fabric, wood and other cellulose-contaiiung substances are rapidly 
attacked by various organisms with the production of soluble 
substances" starches, sugars, acids and finally carbon dioxid, 
methane and hydrogen. 

Probably fewer organisms possess the power of saponifying fat 
than of liquefying proteins or hydrolyzing cellulose. For this 
reason and also due to the fact that the fat tends to rise to the 
surface out of the sphere of bacterial action, there is a great ten¬ 
dency for the fat to accumulate. At times this may accumulate 
around some solid and give rise to ''grease balls’" which cause 
clogging of pipes. The fat which is acted upon by bacteria is 
broken into fatty acids and glycerin. The fatty acids are quite 
resistant to further bacterial activity, but the glycerin is rapidly 
broken into simpler products. 

Oxidizing Bacteria.—The complex microflora of the sewage must 
have energy. This they get in a great degree from the oxidation 
of the comparatively simple products yielded through the hydrolysis 
of the proteins, carbohydrates and fats. These are changed prob¬ 
ably similarly to the acetic acid fermentation with the production 
of acids and finally carbon dioxid and water. 

The ammonia liberated through the deaminization of the amino- 
acids is oxidized by the Nitrosomonas to nitrous acid and by the 
Nitromonas to nitric acid. 

Reducing Bacteria."The nitrites and nitrates formed by the 
nitrifying bacteria are in a great measure reduced to free nitro¬ 
gen through denitrification. The sulphur in the protein molecule is 
liberated as sulphates, sulphur dioxid and hydrogen sulphid. The 
sulphate formed is reduced to hydrogen sulphid. This reacts with 
the small amounts of iron and other metals present with the result¬ 
ing black residue of metallic sulphids always found on the bottoms 
of tanks and streams in which sewage is decomposing. 

Each of these processes is going on simultaneously in sewage 
and the one is dependent upon the other, there being a true bio¬ 
logical cycle, as is pointed out by Whipple. 

"The decomposition and oxidation of the organic matter in 
sewage are brought about by bacteria, and the bacteria serve as 
food for protozoa and other forms of microscopic animal life. The 
dissolved organic matter in sewage serves as food for algse. These 
algse and protozoa are, in turn, consumed by rotifers and cmstacea, 
while the latter form the basis of food supply for various aquatic 
animals and fishes. Thus, there is a continuous biological cycle. 
Again, animal forms require oxygen and produce carbonic acid, 
while plants consume carbonic acid and produce oxygen. Where 
these processes occur normally and with a proper equilibrium main- 
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of the typhoid bacillus is much longer than in water. Levy and 
Kayser found typhoid bacilli in soil that had been manured fourteen 
days previously with the five-months-old contents of a vault. The 
evidence that any genuine multiplication can take place in the 



soil is not convincing, but it has been proved that the bacillus 
may be carried by water-currents to a considerable distance from 
the point where it was first introduced. Infection of wells and 
small water-courses is thus brought about sometimes by the wash- 
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<ni «M*c'cHinf (4 fli(*ir absorption of oxy|j^(ai, t(‘iKl to 
fiurit} tnaaT rapidly than do sl(nv(‘r oik^s. Cold vvatxT 
Iiold^ ffioro tliuo doos warm, and fr(\sh than salt wa,t(‘r; 

hoiirr, flima* a i^rrator frndoiKW for oxidation in cold fn'sh wat(‘rs 

fhiiM in warm or salty waters. 

I here iH. !ioui*\4t, a fcrowin^ chanand tliat s(‘\vaj^(‘ be tr(‘a.t(‘<l 
before it thrown int<i streams or lak(*s, ddiis may I)<‘ done by 
\ariotiH methods, such as sedinnaitation, sn[)-surfa,e(‘ irripition, 
broad irri|4ati«m and other means. For a d(‘seription of (‘a,eh 
fc»i:e!lier wifli its relative value tin* stuchmt is nviernal to any 
of the '^aiidard works on sewaj^e. 
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CHAPTER XXXL 


MILK BACTERIOLOGY. 


About ten. billion gallons of milk are produced annually in the 
United States, one-fourth of which is consumed as milk and the 
other three-fourths as butter and cheese. The quantity of milk 
consumed varies in different localities, being greater in the North 
than in the South and greater in the country districts than in the 
city. It also varies with different classes, as seen from a survey made 
by Williams of fifteen sections of Rochester, New York. He found 
that the average consumption of milk by 21,600 individuals was 
little more than 0.24 pint per capita. Furthermore, he found that 
the poor not only used less milk and bought it in smaller quantities 
than the well-to-do, but the use of store milk and of condensed milk 
was largely confined to the laboring classes. In other words, the 
people who most needed to be careful in their buying used smaller 
quantities of the cheapest food which they bought in the most 
expensive manner. It is usually stated that about 16 per cent, of 
the average dietary in the United States consists of milk and milk 
products, yet the average daily consumption per capita of milk as 
such is only 0.6 pint, which is about half what it should be. 

as Food.—Milk has been regarded from the earliest times as a 
most important article of food, and although little was known as to 
its chemical composition previous to the eighteenth century, the 
ancients attributed many and peculiar hidden virtues to it. 

Good whole milk or skimmed milk are among the best and cheap¬ 
est of foods. Good fresh milk is all but essential to the welfare of 
young children, and to the babe that for any reason is deprived 
of its mother’s milk, cows’ milk is practically indispensable. The 
reason is due to its composition. The composition of human and 
cow’s milk is as follows: 


Human milk 
Cows’ milk 


Fat, 

per cent. 


Lactose, 
per cent. 


Protein, 
per cent. 


Ash, 
per cent. 


2-4 6.0-7.5 0.7-1.5 0.15-0.30 

a-6 3.5-5.0 2.5-4.0 0.66-0.77 


Besides these substances both cows’ and mothers’ milk carry 
organic substances which contain little or no nitrogen, one of which 
is soluble in ether and alcohol, the other in water. The true chemical 
nature of these is unknown. The amount of these substances in 
human milk at the beginning of lactation is about 1 per cent.; in 
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the middle period of lactation about 0.5 per cent. Cows’ milk at 
the middle of lactation contains about 0.3 per cent. 

It is usually stated that one quart of milk is about equal in food 
value to any one of the following: 


Salt codfish 
Fresh fish . 
Chicken 
Beets . 

Turnips. 

Butter . 

Wheat flour 
Cheese . 

Lean round beef 

Potatoes 

Spinach 

Lettuce 

Cabbage 

Eggs . . . 


2 pounds 

3 pounds 
2 pounds 

4 pounds 

5 pounds 
I pound 

pound 
^ pound 

1 pound 

2 pounds 

6 pounds 

7 pounds 
4 pounds 

8 pounds 



Fig. 44. —Composition of cow’s milk, showing variations. (Report on milk 
investigation, Boston Chamber of Commerce, 1915.) (MacNutt, The Modern 
Milk Problem.) 

This, however, considers milk only from the total calories yielded. 
Digestibility and assimilation must be considered as well as chemical 
composition and caloric value; when this is done milk ranks even 
higher than suggested by the foregoing. Moreover, milk has other 
24 
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stillicit^ni acid tt» (‘li<‘<*k, if not kill, (li(‘ [>ii(rcficrs which 
ri-c to I'noiiuiiito. 

Milk iiijilouhtcdly owes its bcneflc'ial action to its Ia(‘tos(‘ which 
i> >loi\ly alc-orhcd and liciicc rc| 4 :ulut(*s flH‘ hioch<‘niical (‘hang’c^s 
which fake pL-oa* in the lunicii of the intcstiii(*s. Hull and H(‘tt| 4 :(i* 
ha\c coia'lu^'ivcly dcnaaistrated that a higli lactose* (li<*t iuark<‘dly 
iiifhiciicc- the intestinal flora of man. 

Iltiicc, iiothintr Hhould he done* or said to d<‘<*n‘as(‘ the* consiun|)-- 
tion f»f milk, hut nna*h slnMihl he* d(»n<‘ to see that the* milk (*(»nsinn(*d 
is fmre, c!i*atnand fr<*efreandisi*asi»-produ(‘in^ha<*t<*ria. Foralt hoiij»;h 
milk is one of the cheapest and best of fooels it is r(‘Sponsihl(* for 
imm* sickness and ticafhs than p(‘rha.ps all oth(*r foods combined. 

Classes of MIk. Milk is {»ft(‘n roughly <livid(‘d into thr(*(‘ clnss(‘s, 
df*pr‘nding upon tlie care exen*is<*d in its prodiK'tion an<l handling 
ccrtificfl milk. inspcct(*d, or guaratitc(*d milk, and commem niilk. 

tVrtificd milk has no nnnsual pr(ep(‘rti(*s oth(‘r than those? of 
«*\ccp!ioiia! e*!e*an!ine*ss and purity. It is milk whie'h has h(*(‘n pro- 
eiucf‘d a*‘<’<»rding tee the re*gulalious and un<h*r the* snj)(‘rvision of a 
medie-al milk eommisdem. 'Flie e’eavs from which the? milk is pro- 
elue'cel are* tiihe‘rculin-te*sle*d. The*stahle‘ane!eowsare* k(*pt <*xtr<*m{‘ly 
clean and fa* eiust is a!lowe*<l iti the* stahle* at the* time* of milking, 
Small*“fop sfeTiii/esi pails are* use*d. dlie? eem's are* e*an‘rul!y grooine*d 
long eamiigh he^heri* milking in let tin* dust s<*ttle. The* <*e>w’s nele!e‘r 
and flanks are* wasliesl just before the* milking. The* rrnlke*r W(*a,rs a. 
white suit ami waslie»H his liands b<*r<»n* milking e‘a('le eenv. The* milk 
in coulee! eith«*r hefteri* ur affe*r heetfling. The* <’aps are* so (‘e>nstruet(*el 
fhaf they i*omfile*le*ly <*ovcr the* top ef the hottic*, and many daines 
use a eleitilde eap. d1ie* e‘aps are* st(*rilize*{l lH*fore‘ use? anel the? milk 
i. kf*jif coed ehiriieg traiisif. The mimher of haete‘na shemld not 
e\f*eee| HklMMI per e,e. of milk. Meeak gives the* ave*rag(? eeumt esf 
:i2l sainpieH eertifieel milk fie*liv<*n‘d in Brooklyn duriieg 1910 as 
■10!lo haefr'fia per e.e*. 

Siidi milk is ns near pare* ais it is possilele* in produce* it cm a eom- 
ifiercial scale*, iiml alt hough it is re(|iiired that it la* el(*Iiver(*d to the? 
coiiniiiif*r w it hill t hirU’ lamrs after pmduetion, ye‘t it will k<?e‘p For a 
great Itaiglfi «tf tinii*. At flu* Paris Exposition in HH)0 ee*rtifi(*d milk 
friitii Ihe r'liited States, to the* aHtonishrmad. eif^thc? judg<*s, was 
phit'isl on exliibition in pe*rfe‘etly sw(*<*t ecmdltiem alter a. jourm‘y of 
foiirleini to eighteen days, ordtHM) to 4tKH) iriile*s. in midsunime‘r. 

It h prolmlde tfiat in none of emr large <*iti<‘H doe*s the* [uajduc'tion 
of ci*rfiftf*d milk e*%eeee| 1 pereamt. of the* total supply. ^Ttiis iselue* 
to fin* greatm* prie-e* ivliiefi mnst fa? eha,rge»d feer such milk, mid tjic* 
feitdeiiey iif tfie precsent time is in proeliiee* a high grade* of milk 
iliifler lev 4 idf*ai eaiiielitions whie'h eaei la* solel at a, meen* moeh'rate* 
prif'e. 

This is being iimt ire tlie se*le*eteek inspe*eted or gnarante*<*d milk 
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witicii jH Ifciiij' [>iaci>(l tin tiif mnrkft. 'I'liis is milk jirmlinTii irnin 
herds lrts‘ irnin inhert’iilnsis nnil v\'hii*ii art* htiused unii I'nri't! idr 
imdcr sanilary fiindilitins. Xearlv as i^rcal fare i (akcn in 

its pnitlm-tion as in tliat nf I’crtififd milk. Smitf milk •<> jirndm i il 
(•(impares favuralily with cfrtiiifil milk. 

t oninain milk is all milk nut classifii'd under I he jireeetliiu; 
heads ami may \ary in iniernliial cniilent iVnm a few (lam and In 
many millitins. 'rh(> nnmiier and kind \ary with the ililiVrenl 
dairies whieh iiriiduee the milk ami nften uilii (he eitv nr late in 
wliieli it i.s jirmlueeil, ilejiemliny' n|Hin the nature nf tlie law .and the 
Htrietness with which it is enfnreeil. 

The nuinher nf haeteria re|iiirteii liy Hill ami .‘^laek fnr liii-inu 
milk is ^iven hehiw: 

I'h-r ee-yil. 

Hrlinv HK>, (1(H) h.ii’fI lia prr r.r. , , I ;♦ fid 

Hi'fivi-i’fi i(HM)mi anil rH)o,m)() iidr »• r, . :*»i r:, 

Hi-tuiM'ii rnm,000 ainl I.OCHMHH) |« r r.f, ' •! ; 

1,000,000 anil ^>,000.000 j.i-r r.r, . 12 7;, 

AhfjtVI! 5,000.000 Iif-r c.r. fin 

I Ttrinintniilv iilafi'M .... il 7* 

BECt6riS(iiiMilk. Milk i^onriif l(»ro|‘sfVfriiiofi. It i 

exeellent ftind for Iiaeteria, as is seen frnm the fael - that milliniis are 
fifteii ftaimi in tt few ilrn|e., ami in many ea -e . the liaeterinhafi r limls 
it (ine <»i the hest nieiiinms im which tn urtiw hi- lalmntinry eidlures. 
'riiereldre, milk slmnhl he (irnteeted fmm nh lanee. which ennfain 
haeteria. es|ieeiall\' the liisease-iirndiieinj; nne-. It i; the inethnd » 
hy which they enter ami the sjieed with whieli they nmltiply fitat 
we wanttnemisider. But it .shntild he,,fjilefiat thei'mi el that larne 
tnunhers of haeteria in milk indicate dirt, lack of refrit'erution. or 
afft*’ 1 f ma,^ ot ma \ not eont ain the t^erm.s *4 dt si'asc, hi if I here is the 
jio.ssiliility. So milk with a Iii(;h haelerial eoniiaif i. not neee .sarilv 
harmful, hut when used ns a food |>artieiilar!y for ehildren i. a 
hazard too gnmt to heeoiirilenanei-d. or. as stated hy < oiin: " (kHttl, 
<‘li*an, Ire.sh milk will lia\eu low haeteria! eoiint.and a liinh haeteria! 
eoiint inean.s ilirt, affc. di,sensi>. or temperature. A hi«lt haeierial 
count is. therefore, a dan}{er .siffiial and justifies the health officer in 
imtfiuK a source with a persistently hitth iiaeteria! count amom,' tin- 
ehiHHof unwholesome milk." 

i hi* numh(*r of haeteria oeeurrinij in milk \‘arii*s wdth ai^i', initial 
eontamiiiation, the care with which it i.s haiaiha! ami kefit. tempera¬ 
ture, umi iiffe. !Milk may eoiitaiii only a few or millions in each drop, 
or some market rnilk.s at tinu-s contain as many, hut not n'* danner- 
oti.s, orKauism,H as sewage. 

Izutiftl CoDt&tuinatioi). Ihe souris* of haeteria in milk are: (i s 
Intramammary, f2) intriHiueed during milking process, (.'p from 
milk utensib, (4; from the use of sjtceiid milk apfmraftiH, *.'.i con- 
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tamination in transit, (6) contamination on sellers’ or consumers’ 
premises. 

Milk as it is secreted is a sterile fluid, but it is fairly well estab¬ 
lished that as it is excreted from the udder it is not sterile. Harding 
and Wilson examined 1230 samples from the udders of 78 cows 
which showed an average of 428 bacteria per c.c. The numbers vary 
widely with different cows, some yielding milk with as few as 25 per 
C.C., whereas others yielded milk with bacterial contents up to 100,- 
000. The organisms obtained from the healthy udder are non- 
pathogenic and are almost invariably staphylococci, streptococci, 
and other forms of cocci. It is regarded as certain that the origin 
of these bacteria is from the outside of the teat. They find their 
way in through the orifice of the teat and extend up the milk column, 
thus infecting the milk cistern and ultimately the ramifications of the 
milk tubes through the udder. The work of Savage makes it appear 
that the number found in freshly drawn milk is determined by the 
numbers entering the teat, and the selective action of the specific 
animal. 

The bacteria introduced during the milking process are derived 
from (a) the coat, udder, and teats of the cows, {h) from the milking 
shed and clothes of the milker, and (c) from the hands of the milker. 
It is impossible to produce clean milk from cows, the color of which 
cannot be distinguished even a few rods away because of the filthy 
condition of their coat. Even where the animal is in a fairly clean 
condition the wiping of the udder just before milking greatly reduces 
the number of bacteria in the milk. An average of thirteen experi¬ 
ments at the Storrs Experiment Station yielded the following 
results: 

Bacteria in milk 


per c.c. 

Unwiped udders. 7058 

Wiped udders.71(5 

Decrease due to wiping.6342 


Numerous investigators have shown the presence of bacteria in 
large numbers in cowsheds, and many individuals have seen stables 
or milk houses in which each beam of light passing through the 
crevices seems to be filled with myriads of dancing specks. These 
dust particles carry bacteria and will increase the bacteria content 
of milk. However, recent work at the New York and Illinois 
Experiment Stations has demonstrated that under fair conditions 
this is a negligible factor. 

Then the hands of the milker may not be quite clean, or perchance 
they have come in contact with disease germs from his own or some 
one’s else body, and these may find their way into the milk and at 
times multiply with an enormous rapidity. 

The influence of the milker in adding bacteria is clearly illustrated 
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by the following experiment reported Stocking. The average of 
19 tests with two milkers, one who had had no training in dairy sanita¬ 
tion, and one who had, showed 17,105 bacteria per c.c. for the 
untrained man and 2455 for the trained man. The only difference 
was the knowledge possessed b}" the trained man. 

Even more important than the surroundings in contaminating 
milk are the utensils. Many buckets are wrongly constructed or 
not scalded each time so that every seam contains hidden away 
millions of bacteria. These immediately grow on reaching the 
fresh, warm milk. Then the strainer may contain a good seeding 
of bacteria. It would be a great step in advance could the strainer 
by some means be done away with, for then greater care would be 
taken in the production of milk; otherwise, it would be unsalable. 
The condition is somewhat similar to that which existed when it was 
first suggested that bread be wrapped. There was a baker’s con¬ 
vention and the subject had come up for consideration and the 
members had practically agreed that all bread offered by them should 
be wrapped, when an old veteran arose and said, ‘'If we wrap our 
bread in white paper and handle it as we do now the paper will be 
so dirty that when it reaches the consumer he will refuse to buy.” 
So it is with milk; if it had to be sold in the condition in which it 
comes at times from the barn, it would be refused. Not that the 
strainer reduces the number of bacteria in the milk, for it does not. 
It only removes the particles which are visible to the naked eye after 
they have been washed nearly free from bacteria. 

Prucha and coworkers studied the influence of all the utensils 
that normally come into contact with the milk both at the barn 
and at the dairy. They found that when they were all carefully 
steamed the germ content of the milk in the bottles was about 4506 
bacteria per c.c. When similar conditions obtained, except that the 
steaming of the utensils was omitted, the germ content of the milk 
approximated 257,240 bacteria per c.c. 

Of all the various utensils coming into contact with the milk at 
the barn and at the dairy, it was found that the clarifier and the 
bottle-filler, when unsteamed, proved to be the most prolific sources 
of contamination. 

It would, therefore, seem that the most important factor in 
producing good milk is the scrupulous cleanliness of the milk uten¬ 
sils and not so much surroundings, as has been so much taught in the 
past. 

It is difficult to accurately measure the contamination in transit 
and on the sellers’ premises, but it is quite evident that at times it is 
large. Orr reported average increases as high as 22.7 per cent., 
whereas it should be zero under ideal conditions. 

Growth of Bacteria in Milk.—Saprophytic and many pathogenic 
bacteria multiply in milk so that the number found in milk is 
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governed, in addition to the factors considered above, by age and 
temperature. The influence of temperature is illustrated by the 
following: 


Temperature 

maintained for Bacteria per c.c. at • Hours to curdle 

twelve hours F. end of twelve hours. at 70° F. 

40 4,000 75 

45 9,000 75 

50 18,000 72 

55 38,000 49 

60 453,000 43 

70 8,800,000 32 

80 55,300,000 28 


All of these samples at first contained the same number of bacteria 
but were kept for twelve hours at the different temperatures and 
then all maintained at the high temperature. We find over ten 
thousand times as many bacteria at the end of twelve hours in the 
sample kept at a high temperature as the one kept at a low. 
Although the difference in temperature was maintained for only 
twelve hours, the milk at 40° kept three times as long as did that at 
80°. 

Changes Produced iii Milk by Bacteria.~The changes occurring 
in milk are governed by the specific bacterial flora which it contains 
and the temperature at which it is kept. Normal clean milk, if 
kept at a temperature of between 10° and 21° C., passes through a 
sequence of changes which can be divided into four stages. 

First Staffe.—The first of these is known as the germicidal stage, 
and lasts a few hours after the milk has been drawn from the udder. 
During this stage there ^is a decrease in the number of organisms, 
as shown by the plate method. The extent of this decrease varies 
with the milk of different cows and the temperature at which the 
milk is kept. The higher the temperature, the more marked the 
decrease, the sooner the end of the germicidal period is reached. 
There is a great difference in opinion among bacteriologists con¬ 
cerning the nature of the phenomenon. Some would account for 
it on the grounds that milk is a favorable cultural media for many 
bacteria, but not all. The ones for which it is unsuited rapidly 
die off. Others consider that the milk, like the blood and many 
other body fluids, possesses bactericidal power which is very weak 
and soon lost. Rosenau and McCoy, however, consider that the 
bacteria are'agglutinated and not killed. On plating, the clump 
gives rise to the colony in place of each individual organism, as is nor¬ 
mally the case. 

This germicidal power is lost on boiling the milk or heating to a 
temperature of 80° C., and some have urged this as an objection 
against pasteurization, but in the holder” process this is not a 
warranted objection. 
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Kviurnd Ki(t(j(\ This s1{i|^(‘ (‘Xt(‘n(ls iVnin the nul of I In* ijoronritial 
j)(‘ri(»(l to tin* of curdling, dliorr niav a ^^^radiial iiioroaso 

(lunn|»: tliis linu* of many s|)(*cics, hut thr {irodoiuirtaliim* typon an^ 
the Had. ladis arJdi. rapi<lly pHnlurt* laofic* aoi<! whi(‘Ii 

{‘xorls a- su|)}>rossing inllucuaM* on many sjH‘oios. Whan I ho milk 
r(‘a<'h(*s an a(‘i<lity of .7o to ,S() perfiujt. it usnaily curdh-s. Tlio laotir 
a.cid organisuis stddoin i>roduo(‘ nioro than 1.2o f)or i'onf. aoid. 

Third HUujv. This sta|^<‘ (‘xt^aids fnun flu* tirno of ourdlin^^ until 
the n(‘utralization of the ar*id. Tin* acidity hca'omc*-^ >o ^rc‘al that 
the* action of tla^ laeticMieid haet.cuia is ciu‘eked and their ninnher, 
whic’h at lirst may Im* as hi^di as IDUJMHklHHt pe*r e.o., rapidly 
decrease's. T1 h‘ prc‘doininatin|^^ speuies la'ccanc* (adluw Inriin, ctuiain 
Hpeeie^s of molds and yc*asts. din* proteins an* hnd\en down with 
tlie formation of annnonia which nc*ulrali7.c*s the* acidil\. 

Faarth Kfaijr. Tin* lif|ut*fyin^ and p«*ptoni/.ini 4 : hactciia whic'li 
r(*main(‘d inac’tivc* in the* sour milk find siiitahk* c’cmditions in the* 
alkaline inc'dia for (heir i^rowth. They rapidly deesanpose* tlic 
casein. 

Abnormal Changes in Milk. At times foreign midc'irahle organs 
isms find their way intenrnikaiid prodiicenahnormal and ohjcelionatde 
eiian/<e\s. Hie* IL rail natutttutxnul the* Had, ladle arrtHjna'.H 
produe'c ccmsidei’ahle* and <lisa|^rce*ai»!c cHiors and fla\c*rs in the 
milk. H. ladlH rmattm pr(Hhice*s a shm^ c»r ropy c'emdiiion f»f the* 
milk. Tin* slimy cemditiem is supposed to he dm* in the* nimin cmi- 
tainiiig capsule* whic'h surroimelH th<*se* hae'imia. Milk ma\ he* normal 
in color whe'u first produeaai, hut on stamiini^ may turn Idtie* dm* tee 
11. eiiamajvnvH or real due* te» H, erylhrtajvHHH <»r IL prtditjhmiuH. At 
tiinexs a hitt(*r taste* de*veiops in milk some liim* aticr if has heim 
elruwn from the* miele*r. dliis. ac*eeere!ini^ to ( onn, i- due* to a micno 
(‘oeeus. 

Although ihesset elumge*s are* vvv\ e»hjei*fiemahlc when I'middesrcel 
from the* Htamlpeint of the* elairymmn (liey are* neil known to hi* the* 
eiiuse of illne*HS. flewvf*ve*r, wheai milk piitre^fies with tlie preirhie fion 
of a hitter alkaliiiet milk illness often docs r«‘su!t fremi its irses This 
may lie due to tin* poineiaems iie*tion of the ptomaines which it. e*oii- 
tains, or prohahly meire* often to tlie bacterial iiif<*e*tioii. 

Clwsei of Bacteriac'/riie bacte*ria foiiiici in milk an* ii lieicro- 
geneoiis lot Imt, iu*eording to linstingH, may hi? roughly di\idcel 
into five,* clitHmxs, as follows: 

, 1. AeaFftmimuf There presiait in milk 

many aeid-forming ba<*teria- These vary in morphology, citlitind 
elmracterist!(*H, and products of btrmentatiom They may lie elividi*f{ 
into five groups, 'fhe number and kind vary gri*iitly in milk, 
depending upon the? rnettluKls of handling, 

(a) The most important organism of tins group is Bad. Imik 
midi- Tfie group, how*ever, ineludes a number of orgariiHriis. 1licy 
prcKluce no gas, a mild aeid flavor, and are desiriible. 
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(jb) The best known representatives of this group are B. coli 
communis and Bact lactis aerogenes. These organisms give to milk 
a sharp tang and are the particular enemies of the cheese maker as 
they are the cause of gassy curd. They are especially numerous in 
milk which is produced and handled under unsanitary conditions 
and in such milk outnumber those of Group a, but the rapid growth 
and acid production of Group a soon checks them. 

(c) This is represented by Bacillus bulgaricus and the rod-shaped 
organisms which have been especially studied by de Freudenreich. 
They produce a curd which is easily broken by shaking and shows no 
tendency to express whey. They give to the milk a pleasant acid 
flavor and are desirable. 

(d) Acid-forming Udder Bacteria.—These are the characteristic 
bacterial flora of the healthy udder and consist mainly of cocci with 
few bacilli. They are slow growers and may curdle milk, but the 
curd so formed resembles that formed by rennet. They produce 
acetic, propionic, butyric, and caproic acid but no lactic acid. 
They are an unimportant group of organisms, so far as the milk 
is concerned. 

2. Pe]}tonizmg . Bacteria.—These organisms digest the casein 
either with or without coagulation at times with the formation of 
an alkaline reaction. Most of these are bacilli of various shapes 
and sizes, some of them being the largest organism found in milk. 
There are both motile and non-motile varieties. Many develop 
very strong putrefactive odors. Barny or cowy odors are caused by 
this type of bacteria. They are all undesirable and their presence 
in milk indicates unsanitary condition of production and handling. 

3. Bacteria Producing Milk of Unmual Occasionally 

bacteria which produce abnormal changes or so-called ‘'diseases’' 
of milk find their way into milk from unclean surroundings. They 
produce various cpieer milks, for example, red, blue, and ’green. 
Sometimes milk develops a bitterness after it is drawn. This is due 
to the products from a number of bacteria and yeast. At other times 
milk is changed to a slimy or ropy consistency and may at times 
result in considerable economic losses. These organisms are quite 
resistant to heat and frequently pass uninjured through the ordinary 
methods of cleaning and scaldings. Because of this, dirty utensils 
once infected become a constant source of infection. 

4. Inert Organisms.—These are mostly cocci which produce no 
appreciable change in milk and are unimportant. 

5. Pathogenic Bacteria.—This class consists of the pathogenic 
bacteria, B. dysenteries shiga, B. dysenteries fiexner, B. typhosus, B. 
paratyphosus a. and B. paratyphosus /?., V. choleroe, Bact. diphtherias, 
Bact. tuberculosis, B. lactimorbimic melitensis. These organisms 
produce no perceptible change in the milk in which they grow but 
are dangerous and may give rise to epidemics. 
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MILK AND DISEASE. 

• Although milk is one of the cheapest and best of foods, yet it is 
responsible for more sickness and death than perhaps all other foods 
combined. The reasons for this have been summarized by Rosenau 
as follows: 

^'1. Bacteria grow well in milk; therefore, a very slight infection 
may produce widespread and serious results. (2) Of all foodstuffs, 
milk is the most difficult to obtain, handle, transport, and deliver 
in a clean, fresh, and satisfactory condition. (3) It is the most 
readily decomposable of all our foods. (4) Finally, milk is the only 
standard article of diet obtained from animal sources consumed in 
its raw state."'" 

Diseases conveyed through milk are of two classes: (1) Definite 
diseases of animal origin—tuberculosis, foot-and-mouth disease, 
malta fever, and anthrax, and indefinite ailments as diarrheal infec¬ 
tions and probably contagious abortion. (2) Diseases of human 
origin—typhoid fever, paratyphoid fever, diphtheria, scarlet fever, 
tuberculosis, septic sore throat, and possibly others. 

Sources of Infection.— Infection of bovine origin is very common, 
especially in the case of tuberculosis wherein the animal is suffering 
with open cases of this disease and the organism gets into the sur¬ 
roundings from the respiratory or alimentary tract. Extreme care 
in the milking process may decrease the infection from this source, 
but not so in the case of tuberculosis of the udder, which probably 
accounts for the main cases where the tubercle bacilli find their way 
into milk. 

As a rule milk becomes infected from human sources. This may 
be either direct or indirect human infection. 

Direct human infection may come from a person either sufi‘ering 
with the disease or carrying the infective organism. The more 
common are the following: 

1. The most common method is where the milkers or other 
handlers of milk are suffering with a communicable disease in a mild 
unrecognized condition. 

2. A second common source of infection is where the milker or 
vender of milk has been brought in contact with sufferers of com¬ 
municable diseases and still attends to his regular work in the hand¬ 
ling of milk. 
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3. A third and probably very important source of infection comes 
from carriers who work on the farms, in dairies, or other places 
where milk is handled. 

Indirect human infection comes largely from the use of infected 
water which is used in the washing of buckets, bottles, and other 
milking utensils. Cows often have access to polluted water and 
infection from this source may find its way into the milk from being 
on the body of the animal. 

Character of Milk-borne Diseases.— Milk-borne diseases have 
characteristics which greatly assist the epidemiologist in his work. 
The most important are the following: 

1. The cases usually follow the route of the milkman and it is 
often possible to plot his route from the cases of the specific disease. 
There would thus be the inhabitants of homes where the infected 
milk is used suffering with the disease, while neighbors who use 
other milk escape. There may be many purchasers of the infected 
milk who may escape, but when careful inquiry is made it is found 
consumers of the implicated supply furnish a much higher percentage 
of cases than does the rest of the community. The smallest per¬ 
centage invasion of households is met with in scarlet fever outbreaks. 
But this is easily explained when one considers the number of missed 
cases in this disease. 

2. The outbreaks from infected milk are usually explosive. 
Sometimes the majority of the cases occur within a few days of each 
other. Usually there is little secondary infection and the decline is 
rapid on removal of the source of infection. The epidemic at Stam¬ 
ford, Connecticut, in 1895, is a good example. There "were 386 
cases of typhoid fever and 22 deaths in the period from April 15 to 
May 28. There were 176 persons stricken during the first week. 

Although the explosive type of epidemic is usually characteristic 
of milk-borne outbreaks, yet Parker points out that the smoldering 
kind may be very commonly due to infected milk. He cites as an 
example the experience of Hill of North Branch, Minnesota, where 
one of the physicians pointed out that in his seventeen years of 
practice during the first twelve there was no typhoid fever, but in the 
last five years native cases of unknown origin had been frequent. 
Acting on this information, a list of 21 cases of typhoid fever that 
had appeared in the town in the last five years was made, and 
inquiry showed that seventeen of the patients were regular custo¬ 
mers of a dairyman who came to town five years before, two others 
were irregular customers, and two others may have used milk from 
his dairy. It was learned that the wife of the dairyman, who washed 
the cans, had suffered with typhoid fever twenty-two years before 
and gave a positive Widal reaction, but typhoid bacilli were not 
isolated from her stools. She was forbidden to have anything more 
to do with the dairy and the proprietor was told that if another 
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priuKiry unions (’fistoniia’s hi> dairy wmiM Ih* 

(*1()S(‘(I. Rumors of* tin* nilair sproad tlironuli iho louii aiiil in 
(‘UstouK'rs l(‘ft him und ilu^ family mo\rd a\^ay. aflor \Uii«'li iliori' 
was IK) more typhoid f(‘\ (*r. 

3. It fre(}u<uitly happiuis that the IjoiPa* ola.-^ .utiVr iiioro ihaii 
do the poor, as th(‘y <‘an afford mon* milk afid uadf mor** frorly. 

4. There is a. sp<‘eial iiieiileneo aiuoim milk driiikm' , tlaia* frr» 
qiuaitly })eiiig an individual who dislike,-; milk ea‘apiii^% ttliti'iat 
the remaiiHh'r of tla^ faiiiily is at taeke<l. 

5. Women and (diiklnai an* iiKua* (dfen \ic'timN in iiiilk-lioriif' 
typhoid than an* tla* adult male po[)filation dut* to tin ir ii of raw 
milk. 

(). Tlien* is some (‘videnee whieli indieales lhal I lie inniUalimi 
jieriod is shorRu* and tlie niortality lower in milk-lMHin* epideinie . 
than in others. 

The mild eha,raet<‘r of the disease is unualli altrilmtef! to the 
attentuation of the* patho^^enie pn>perties tif the iid^'nitiri^aiiisiiei 
through their growtli in milk. 

7. Milk epidemies of typlaml spreail over a rather short milk 
route, whereas vvh(*n milk is hroiiglit from a eoirdderalde di-faiier* 
there is not tlu* lilaTIiood of infeet ion, thus indiealing that fy|iiii,»id 
germs tend to disap[H‘ar from milk under eertain i*onflitioii% 

Extent of Milk-borne Disease. Hie extent of milk-borne e|iid«ini« ♦ 
eannot In* a(‘euratcdy iiK‘a,sured, ns even at the jireseiit day iiuiiiy 
eases go un(l(*t(*rmined or pm’hups attributed to tither eauses. llul 
the experienei* of Hostoii, MassaelniHi^tls, whieli has a fnir milk 
supply indieat<‘s the gravity of the siibjeet. 


Year. i 

iif 07 l>iph 1 h('rin ‘Ff 

1907 Scarlf't ffVfr , 

lOOK a’yi)h<»i(J fi'Vi-r Kiii 

I (no S(-arI<‘f tVvi'r 

HU I S(‘i)(ic* Win* fho»ui ;ai*r| 

']’<>( 111 ... |e!i5 


This indi(*ati»s that searlet fever an«! septie nore throiif iiiiiy be 
eonvey(*d <‘v<!n more often than typhoid fe%t«r. 

Tiihereulosis is the most imporlaiif of nil fiiilk-boriie ilisraneH, 
Iioth beeaiise of tlie fre(|ueiK‘y with witieh it is faiiiiTyeri iiiitl the 
seriousness of thc^ disease. It may be either lioviiii» or Iiiiiiiiui in 
origin. Human inh*etion is rarer thiiii laiviiiiy luit it iseerliiiii tlial n 
tubercular patient may infeet milk, and I less in IfllHuriiiitlly imdiiied 
the human tuhercnlosis bac’ilhis from a siimple erf itiarkef, milk. 

Koch in 1901 announced that there wns priietieiilly no fliiiigiT of 
manks contracting tubercailosis from cattle, but liis 
immediately challenged by miiny bact-eriologislB xvlio luive hiiiee 
brought forth (^onelusivc evidence of the fiiim.uieiis of KntddH dietiiiin 
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The summarized English, German, and American findings in 
1511 cases are given below: 

COMBINED TABULATION SHOWING ORIGIN OF CASES OF 
TUBERCULOSIS. 


Diagnosis of cases ! 

examined. ■ 

i 

Adults sixteen • 
years and over. | 

Children five to ' 
sixteen years. 

Children under 
five years. 

Human. 

Bovine. 

Human. 

Bovine. 

Human. 

Bovine. 

Pulmonary tuberculosis 
Tuberculosis adenitis, axillary or 

778 

3 

14 


35 

1 

inguinal. 

3 


4 

22 

2 

24 

Tuberculosis adenitis, cervical . 

36 

T 

36 

15 

Abdominal tuberculosis . ‘ . 
Generalized tuberculosis, aliment- 

16 

4 

8 

9 

10 

14 

ary origin . *. 

6 

1 

3 

4 

17 

15 

Generalized tuberculosis . 
Generalized tuberculosis, including 

29 


5 

1 

74 

7 

meninge, alimentary origin . 

5 


11 

’ 

1 81 

11 

Tubercular meningitis .... 

1 




I 28 

4 

Tuberculosis of bones and joints 

! 32 

1 

41 


1 27 


Genito-urinary tuberculosis . 

! 22 

1 


i 

"e 



Tuberculosis of skin .... 
Miscellaneous cases: 

; 10 

1 

3 

1 4 

! 



Tuberculosis of tonsils . 
Tuberculosis of mouth and cer¬ 


1 


i 1 

i ... 

i 

vical nodes . 

1 ... 

' 1 • 





Tuberculosis sinus or abscess . 

2 

i 



i 


Sepsis, latent bacilli 

1 ... 

1 ' ’ ’ 



1 

! 

i 

Totals ...... 

i 940 

i 15 

; 131 

! 46 

i 292 

76 


The percentage incidence of bovine infection would, therefore, 
be as follows: 


Pulmonary tuberculosis . 
Tuberculosis adenitis, cer\dcal . 
Abdominal tuberculosis . 
Generalized tuberculosis, alimentary 

origin. 

Generalized tuberculosis . 
Generalized tuberculosis, including 
meningitis, alimentary origin . 
Tubercular mentingitis . 
Tuberculosis of bones and joints 
Tuberculosis of skin .... 


Its sixteen 

Children five 

Children under 

s and over. 

to sixteen years. 

five years. 

0.4 

0 

2.8 

2.7 

38.0 

61.0 

20.0 

53.0 

58.0 

14.0 

57.0 

47.0 

0 

16.0 

8.6 

0 

0 

66.0 

0 

0 

4.6 

3,3 

6.8 

0 

23.0 

60.0 

0 


It is probable that the majority of all cases of bovine tuberculosis 
in man are due to infected milk, as there is little danger from meat 
since it is usually cooked and tuberculosis of the muscles is very 

rare. . . 

Tuberculosis is quite prevalent among cows, varying in ditterent 
places from a few to as high as 50 per cent. Savage gives from 
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Dallar tlu^ followiii^^ as Ixaiig tla* {xTcantap* fuuiid in \‘arinti> placns: 
Kngland, 20 p<‘r (aait.; I haiinark, Of pnr f’C'iifSurOrn. 12 |»nri*i*nt.; 
Norway, 8,4 {xt (-(‘ntH<‘Igiinii, <>0 par «*(*ntMa.^sarhusdf s ? f vj7i, 
58.9 par (‘(‘iit. 

It is a, g(‘n(‘raJ (•oiHH‘ptl(ai tinit fnlirrrln liat’illi (X’rnr only in milk 
ol)tain(‘(l from aniimils suHVriiig with fuhnroulo.-Js of tho mklor; tins 
is not stri(‘tly tnio as is stum from tlm following ooncIn^ioiiH hy 
Molikn-: 

^'Th(‘ tiih(a’cl(‘ hanilliis may lx* cionmii.sf ratrd in milk fnan IuIht* 
cnlar cows wh(*n the adders slanv no |H*rcctaihlt* cnidcncc of the 
disease (atlier nia.c‘roseopieaIly or inierosropieaIl\. 

J)aeilli of tnlH*reulosis may h<* exf'reted front sm4i addin' in 
sufFieiimt nainhc'rs to proditee infeefion in e\penineiita! animals 
both l\y ing(‘stion and inoenlation. 

presence of tin* tnherele hueilH in the milk of tahereiilar 
cows is not constant, hut varies from ilay to day. 

“(V)ws S(*er(*tiiig virulent milk may he allVefeil wit It tuiiereiilosis 
to a d(‘gr(X‘ that can lx* detected only hy the tnherenlin test. 

pliysieal <*xumination or getieral appearanee of tlie emv 
cannot fondell tlx* infectiveness of the milk. 

“The rtiilk of all eows whieli have reaefed to the tid*eren!in test 
should lx‘considered as suspieioiis and should tx* siihjeiled to sterili¬ 
zation hefon* using.'* 

ShnxxliT, howevm*, eitiielnded that only }n per eiaif. of the eows 
which react to the* liihereuliit test aetivek e\pf4 tiihiTele Iiaeilli. 

Marked, milk often e<»iitainH tfii* tnherele haeilli, as may he seen 
from the following table ecanpiled hy Parkin'. 


Tinucm nn UAmni.i ix mahkkt wn,K. 


Data. 





t;H m 1 1 % r 

181M) 

iaifdaiifl 

MjM’lavUi Ji 

# 7 

iV 

22. 1 

J0D4 

( U’tinmiy 

.Miilkr 

1 ,'jfffl 

or 

fi 2 

1904 

( a*rnmny 

lirao V 

’J7'J 

'*7 

m 0 

1898 

LiviTptK)! 

1 >« 1* jiio#* 

tn 

ifff 

17, i# 

1897 

Livfrprjfii 

Iliya* 


12 

7#. 2 

1900 

Lfindon 

Kli'iri 

mo 

1 

7.0 

189 a 

Si, n<*<<*rMl.)yr|JC 

Sf'liarlu’koiv 

HO 

1 

1 

3.0 

1900 

Kicsw 


ftl 

2 (1 
a. :i 

1900 

Krakow 

Bxiwiil 

00 

2 

1900 

NapI(‘H 

.Mitri’ooi 

{l 

7 

30 II 

1898 

BorJin 

BiXri 

04 

ii 

M 0 

1900 

Borliii 

Boik 

fai 

1 7 

:io :i 

1898 

Sc;hc‘v 

Off 

27 

27 

11 1 

1898 

K<jriig«}xirg 

.tiii'gor 

mo 

If 

7 .0 

1908 


Ki»i*r 

210 

22 

W.3 

190n 

Hoitwiftifi 

Hriiii 

Aii7 

II 

2 7 

1900 

I(oit4Tdarii 

Haiit 

1384 

13 

2 H 

1908 

WaHhiriKtoii 

Am hr mm 

223 

13 

*1 1 

1909 

Louinvilfo 

IhUl 

i m 

10 

2!* 3 

1909 

Now X'ork 

H(*m 

m3 

17 

ill 2 

1909 

Fhllficloliihifi 

Tommy 

nio 

18 

i:i 8 

1910 

Cadeago 

Ml 

13 

ill. 3 

1010 

KO'Clicjitor 

Cldf*r 

217 

30 

12 Jl 




THE TUBERCULIN TEST 


383 


It has been shown that man is susceptible to the bovine type of 
tuberculosis and that the organism often is found in market milk, 
and Rosenau estimates that probably 7 per cent, of the cases of 
tuberculosis thus have their origin. The significance of these 
figures becomes apparent when we realize that 160,000 individuals 
die each year in the United States of this disease, and 11,200 would 
get their infection from milk. 

This is a needless loss of human life, for the information now 
available is sufficient to prevent every one of these cases if milk be 
obtained only from cows which have given negative tuberculin 
tests. 

The Tuberculin Test.—This reaction should be applied to all cows 
and is carried out as follows: 

^'Inspections should be carried on while the herd is stabled. If it 
is necessary to stable animals under unusual conditions or among 
surroundings that make them uneasy and excited, the tuberculin 
test should be postponed until the cattle have become accustomed 
to the new conditions. The inspection should begin with careful 
physical examination of each animal. This is essential, because in 
some severe cases of tuberculosis no reaction follows the injection 
of tuberculin on account of saturation with toxins, but experience 
has shown that these cases can be discovered by physical examina¬ 
tion. The latter should include a careful examination of the udder 
and of the superficial lymphatic glands and auscultation of the 
lungs. 

"Each animal should be numbered or described in such a way 
that it can be recognized without difficulty. It is well to number 
the stalls with chalk and transfer these numbers to the transfer 
sheet, so that the temperature of each animal can be recorded in 
its appropriate place without danger of confusion. The following 
procedure has been used extensively and has given excellent results: 

(a) "Take the temperature of each animal to be tested at least 
twice at intervals of three hours before tuberculin is injected. 

(b) "Inject the tuberculin in the evening, preferably between 
the hours of 6 and 9 p.m. The injection should be made with care¬ 
fully sterilized hypodermic syringes. The most convenient point 
for injecting is back of the left scapula. Prior to the injection the 
skin should be washed carefully with a 5 per cent, solution of car¬ 
bolic acid or other antiseptic. 

(c) "The temperature should be taken nine hours after the injec¬ 
tion, and temperature measurements repeated at regular intervals 
of two to three hours until the sixteenth hour after the injection. 

(d) "When there is no elevation of temperature at this time 
(sixteen hours after injection) the examination may be discontinued, 
but if the temperature shows an upward tendency, measurements 
must be continued until a distinct reaction jvS recognized or until 
the temperature begins to fall. 
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(e) “If tlH‘ H'adion is dc^trrtrd [H'iur In llir -ixifrutti lnHir ihr 
iiieasurt'nK'^Hts s1h>u 1<1 I)<‘ (‘(Uiliiincd luifil iIh* r\|rira!infi nf tlii - 
period. 

(f) “If theni is an unusual olianiro at toni|H*rafun* nf flu* 

or a sudden cluuigi^ in tli(‘ weather, this fael shnnld he iveerdi-d *»ii 
the n^port blank. 

((f) “If a eow is in a f<*bnle eniaiitinn nihereiiliii dmiild imi in* 
used, be<*aiis(* it would i>(‘ iinpossilde tu delenuine wlieihiT, it a ri .e 
in tcinp(‘ra.tnre ()(!eurrc‘d, it was due tn tlie tiihiu’euhii nr fn , nine 
transitory illiu^ss, 

(li) “Tows should not be ttvsted within a few day ^ after nr Itefnre 
calving, for (‘Xi)en(inee has sht>wn that the results a! thi i fiine luay 
be misleading. 



Fro. 45. ■■•-.StnuiH’M lunitf* pjmtf'urij'.t'r, St* 

(i) “The tuberculin test is ncit reenuiiiieudfal fur eiil\a‘,H under 
three montlis old. 

(j) “In okl, emaciated animals anci in retests use liie iihiijiI 

dose, for these animals arc less siuisifive. 

(k) “(londemned cattle* must be rcmov’ci! from the herd iiiid kejit, 
away from those* that arc JM‘a!thy. 

1. “In making postmortems the citrcasHCH diould i»e flioroiiglily 
inspected and all the organs should be examined. 

“No animal whose tempcratui*i* exi'f^edn (\ f F.| is ii 
fit subject for the tula^reiiiin tensf . 

“A rise of temperature to atiove 4lb^ Ch F.) in itny iiiriiiiul 
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whose temperature at the moment of injection was below 39.5 C. 
(103° F.) is to be regarded as a positive reaction. 

“Any rise in temperature between 39.5° C. (103° h.) and 40 C. 
(104° F.) must be regarded as of doubtful significance; animals 
exhibiting such require special study.” i 

Milk-conveyed typhoid fever can be handled nearly as etiectively 
as can tuberculosis by excluding typhoid carriers as producers and 
handlers of milk. This can be very easily and_ efficiently done by 
requiring the blood test for all dairymen and their workers. 


Milk Pasteurized f6r,30 Minutes at 



jTiq 4 g._The hypothetical relation of the bacterial groups in raw and pasteurized 

Tnil V. (Tanner, after Ayers and Johnson.) 


Past6Uiizatioii.. —There are two inetlxods of pasteurization the 
“flash” and “continuous” processes. In the flash method the milk 
is heated to 80° or 90° C. for from one to five minutes and then 
cooled to 50° C. or below. This method is rapid, cheap, and much 
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in vo^un bnt (1(H‘s nni giv(‘ unif(»nn rc*s!iltH, i.-* nu! n*!iabli% 

and d(H*s not inv.v.t tin* aj^prciva! of tin* sanitarian. 

continnous na^thod is miinh to Im* praban'd and I'lai i I in 
fiea-tini.? tin* milk to a t<*ni|H*ra1nn* of tio ' (for thirty miniiti* and 
tlasi cooling to otr (\ or below. 

''llic ideal in(*lliod for home* faisttMirization (4’ ndlk i.^ «>iil!iiii*d by 
Itosemau as hdlows: 

“ PastcMirization in tin* Ijottlc* is the pi*rfcctioii of the art. If is 
tin* id(‘nl method, lH‘causc th(* <Iang(‘r, however sliglit, of roeoniami- 
nation is emtirely (eliminated, hi (»rder t(» pastenri/e inilk iit !»offleH 
tin* bottI(‘S rnnst be W(ell sealed with a tight eta’k and eap, or i*fpiall.v 
(‘Heetiv(‘ stopper. d1}(‘ Ixitfles (‘onlaiiiing the milk may either bf* 
imrii(*rs(‘d in a water bath, biamglit to the proper temperature, li«*id 
th<*r(‘ a, Huffieient hmgth of time and tlaui ehill(*d; or tlu' imilaal ii -I’d 
in beer past(*nri'/.ation, sneh tin* ho«*w pasfeiiri/er% may bi* used. 
In this eas(‘ tin* bc^ttles an* siibjeet<‘«i t(» a spra\’ or shiaver of lieafc’d 
wat(‘r. 

“ Aftti* th(‘ bottlc‘s have been thoroughly eleam*d flaw are* fflaera! 
in tin* tray (A) and filled with the milk or nuxtnre used for oiie 
f(*(‘ding. dlien put on tin* (*orks (^r patent stoppers wiihffiit f;o4iii- 
ing tliem tightly. 

“din* p(»t ( //) is inav plaeed on tin* W‘oodeii siirfaf^** of the table 
or f!o<>r and (ilb*d to the sitpporf ftb with boiling tvafer. Ilaee fh*’ 
tray (.1) \vit!j tin* filled bottles intc^ the pc#t I /h so tliiif. the l.♦olfolll 
of the tray rests on tfie support ft’j, and pul cover ^ /^i on fpiiekly, 

“Aft(‘r tin* bo!lh*s linvi* bi*eii warmed up Iiy thi* •aeaiii for 
uiiniites, reiiuiVi* the eov<*r (piiekly, turn flie fray so ihaf it *irop:4 
into tin* water, replace the cover imiuediiiteh*. dliin iiiiuiijfiiljitioii 
is to he made as rapidly as p(»ssible to iiviad Ioh.^ of liraf. Hiiis if 
nunains for twenty-five miiiUt(*s.'' 


UKFKUKXe'KS. 


: Hh’ -Milk 

Milk IVofikaii. 

Hiivfiici’: .Milk itaU tln’ 

Fiirk<*r: Oily .\!illi Hiiauty. 
nfiae, <‘IfiyUiit: Milk aiel tlm in-'liitioje*. 

Milk. 




CHAPTER XXXIII. 


BACTERIA IN OTHER FOODS. 


All foods except those cooked just previous to eating contain 
bacteria, the number and kind varying with the specific product and 
especially the method of handling. The greater part of such 
bacteria are without special significance. Some are beneficial and 
play an important r61e in the ripening or other changes through 
which the food passes. These are considered in a later chapter, the 
present one being reserved for a consideration of those bacteria 
which cause spoilage of food though not necessarily injurious to health, 
but of importance from an economic standpoint, and the pathogenic 
organisms which find their way into food and may infect the con¬ 
sumer. 

Bacteria in Butter.—Many of the bacteria which occur in unclean 
milk multiply and give bad flavors to the butter produced from 
such milk. This is true to such a degree that most dairies first 
sterilize their cream and then add to it a pure culture for the ripen¬ 
ing of the cream. 

Any pathogenic bacteria which find their way into the milk may 
persist in the butter. While the typhoid organism grows well in 
fresh milk the increased acid production tends to check their mul¬ 
tiplication and may actually kill many. They are, however, fairly 
resistant to lactic acid, as seen from the following results (Krum- 
wiede and Noble): 


Days. 

0 

7 

8 
9 

10 

n 


Reaction. Number of typhoid 
Per cent. bacilli. 

1.0 392,000 

2.2 65,000,000 

5.0 300,000,000 

, ... 113,000,000 

181,000 

10.0 400 


Hence, lactic acid cannot be depended upon to free butter from 
the typhoid bacilli. Moreover, numerous investigators have found 
typhoid bacilli in butter after varying lengths of time—Bolley, 
five to ten days; Heim, twenty-one days; Pfulel, twenty-four days; 
Buck, twenty-seven days. Washburn obtained the organism after 
one hundred and fifty days from butter which had been experimen¬ 
tally infected with typhoid bacilli, and Boyd reports an epidemic 
of typhoid fever which resulted from butter. Probably the longevity 
of R. typhosus in butter would vary greatly with the temperature 
and other factors, but it is quite evident that butter should not be 
produced from infected milk. 

Tubercle bacilli multiply only slowly—if at all—in milk; hence, 
it is the initial contamination which counts. But we have seen in 
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the preceding chaptcir that tliese organisms often find tiieir v\ ii\- into 
milk, and the following table after Briscoe and Mae.N'eal indicates 
that they often occur in hatter. 

INCIDENCK OI<’ TtlBKItCnE nACn.M IN' .MAUKET Hl ’n't:!}. 


Author. 

Date. 

PluftfJ. 

liSamplcM 

(txuin- 

intnl. 

jKwinvi* 

Perct 

li! 

ve 

Hrju.iri 


i-iruHafcrro 

IHOO 

'rurin 

0 

1 

i 1 

1 



Roth . 

JH()4 

Zurifdi 

20 

•> 

10 

0 

.\Hero.'4t*i>|»ir 

lUf'f boti 

Ohoriniillctr 

i«or> 

Berlin 

l.'t 

8 

01 

0 


Schuchardt, . 

1800 

Marburg 

42 

0 

0 

0 



ObeririUllcr 

1807 

Berlin 

14 

14 

100 

0 

10 feaft-d, 2 

h ehI . 

G rolling . 

1807 

Hamburg 

17 

8 

47 

0 



HinioMch . 

1807 

Witm 

? 

0 

0 




Rabinowitsch. 

1807 

Berlin 

80 

0 

0 




R,abinowits(;h. 

1807 

Pldlad(tli>hia 

r>o 

0 

0 




i-*(5tri . 

1807 

BfTlin 

102 

88 

82. 

8 



Horinon and 









MorgtniroUi 

1807 

Berlin 

10 

:i 

80 

0 



RabinowitHcli. 

1800 

Berlin 

15 

2 

18. 

8 

Herie:'i. 


Raiiinowiteuh. 

1800 

Berlirr 

V 

? 

87 

2 

Heeund ?'wrie' 


Rabinowitaah. 

1800 

Berlin 

15 

15 

100 

0 

'riiirf! Hfrir-.’h 


Rabiriowit.H(;h. 

1800 

Berlin 

10 

0 

0 


i’uUlill 


OborinCillcr 

1800 

Bftrlin 

10 

4 

10, 

0 



Korn . 

1800 

Kr(;if>iir”g 

17 

4 

28 

5 



AHCjhcr, 

1800 

KtudgHlnirg 

27 

o 

7 

4 



Jilgfjr . 

1800 

Konignburg 

8 

1 

88 

a 



Coggi . . . 

1800 

Milan 

100 

12 

12 

0 



Wciaaeufield . 

1800 

Bfuin 

82 

8 

0 

1 



Grassberger . 

1800 

Wien 

10 

0 

0 




Herbert . 

1800 

Tiibingen 

48 

0 

0 




Herbert , . i 

1800 

Wiirttern- 

58 

(1 

0 


f*fif*uduf.yber.f 




burg 







Herbert . . | 

I 1800 

BfTlirr 

20 

0 

0 


pHeudufultfr*' 

'UIm UK, 

Herbert . 







H per. 


i 1800 

Mliaehen 

5 

0 

0 


P,Hc«ud»»ftib«T» 

‘UbrUK, 
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AlxsrihaiiHen . 

*1000 

Marburg 

80 

0 

0 




HoIlHtroin 

: 1000 

HelhingfurH 

H 

1 

12. 

5 

1 2 NmufileH, 

1 InO. 

liomhofT . . ; 

! 1000 

Marburg 

28 

0 

0 


80 .Hiini|4i«H, ) 

11 lO'Ki. 

PawlowHky 

' 1000 ^ 

Kiew 

28 

1 

4 

8 


Tobler . . 

: 1001 

Zuric'h 

12 

2 

10. 

7 



Lorenz 

: 1001 

Durpnt 

80 

0 

0 




Markl 

1001 

Wien 

48 

0 

0 




Hfirr and 









B<;ni rifle 

1001 

BreHlaii 

52 

n 

It 

1 

Twu w'ere iltmhtinl, 

AujoHzky . 

1002 

BudapeHt 

17 

8 

17. 

0 



Thu . . . 

1002 

(’hrlBiiimiii 

10 

0 

0 




TeichfTt . 

1001 

; RuH(*n 

40 

12 

.80, 

0 



Reitz . 

lOOO 

Stfittgart 

04 

H 

H. 

5 

Butter fruin 

eigiilv-. 

Kber . 







eiglif rl.fiifir 

K, 

1008 

Leipzie 

150 

18 

12. 

0 



Brincoe and 








MaeNoid . 

1011 

Urbana, III. 

0 

2 

88 

2 



Klier , 

: 1012 




15, 

,11 

^ ‘'fruiifferi* liiilt.iu'. 

Rosenau d al 

1014 

BuHlfUl 

21 

2 

!l 


52 irtu" eeiit,. 

c»f lip 


i 






W4l»|4e,!4 e 

mf-mutH 

Marebiotti 

1 







; 1017 


25 

., 

24 
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Tubercle bacilli have also been found in oleomargarine. Briscoe 
and MacNeal tabulated the analysis of 209 samples, 4.3 per cent, 
of which were found to contain tubercle bacilli. 

The longevity of tubercle bacilli in butter is even greater than that 
of B. typhosus, for Schroeder and Colton demonstrated their pres¬ 
ence in butter which had been kept for one hundred and sixty days; 



Pig. 47.—^Bacteria content and commercial score of Cheddar cheese. (After Harding 

and Prucha, 1903.) 

and contrary to prevailing opinion MoHer, Washburn, and Rogers 
found tubercle bacilli were not devitalized by cold storage, and in 
salted butter they were found to retain their virulence for six 
months. 

Diphtheria bacteria have been found in butter, and an outbreak 
at Lewiston, Minnesota, was believed to have been caused by eating 
infected butter. There had been no diphtheria in the place until a 
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boy rctAirncd from the ^‘Twiri Clitics’' afte^r an attack of <ii])!it,!i(‘ria. 
The milk from th(^ farm wh(n*c h(i lived was sent to a (‘r(‘am<‘ry and 
every family in tlui |)la(‘C, in which thcni was diphtheria, was foimd 
to have used l)uttcr from this cn^anu'ry. Experiments havet shown 
that the diphtheria ha(*illi can liv<^ in butter for a month. 

Bacteria in Cheese. -If uiKh^sirablc sp(!ci(*s of micror>rganisins ar(! 
present in the milk tlu^y will pass into the clie(is(‘ and th(‘re produce 
their harmful effect. This is more im|)ortant in checscMuakini^ 
than in I)utter-makin^ sinf*e it has not laam found possibhi to 
make many of the important varietic^s of <*h(^(^sc‘ from past(*uriz(‘d 
milk. The bacteria most dreaded by tin* ch(‘<ns<‘ manufacturer are 
those of the B. coli (wrogem ^roup. ''rh(*s{t ^ive ris(‘ to tlu^ format ion 
of large holes whi(di can be often takem to indicah* bad f!a vcjr as the* 
organisms produce in addition to hyflrog(‘n and (*arI>on dioxid 
offensive smelling ajid tasting comj)Oimds. 

The bacteria of ch(;es(t ineniase^ during tin* first few we(*ks (h'ig. 
45), after which then? is a decnMise, but (JV(m in rii)en(*d cheese there 
are millions of bacteria. 

Pathogenic; bacteria whi(‘h are in the; milk will find tlndr way into 
the cheese, as Schro(*der and Brc;tt purcha.Hc;d 255 sanifilesof cln*i*.se 
on the Washington market and (;xa.min(;d tlicun for tubcTch; bacilli 
by mciaus of guin(5a“pig iuo(!ulation; 7.42 pc;r (*(mt. <a)ntainc;d tubercle 
bacilli. Ih'obably many of the; tiibcjrcle batnili die during the ripening 
proems, but this cannot be eritircily depemded ufam, a,s Washburn 
and Done pr(;i)ar(;d a. eliec^se from infeetcul milk and after 220 days 
produced gencjralized tul)(*reuIo.His by injciction into giiinc‘a-pigH, 
and even after 2()() days injection of emulsions caused slight htsiorm. 
According to the findingsof Rowland, IL igphmm and M, nhairrw 
soon perish in (;lu‘ese. 

Bacteria in lee dream. ''Fhc; number of baetmia in ice C!nuim may 
at times be enormous. Thcin; is only a slight dcjerc^ase on storage, 
as is seen frotn tlie following results of I lammer and (loss: 


SHOWING THK EFFECT OF 8TOItA.GE ON TICK NCMBEE OF UACTBEII IN 




ICE CKEAM. 



Mixed 

236.000 32.800,000 

120,000 

172,500,000 

110,000,000 

120,000,000 

Frozen 

735,000 30,850,000 

146,000 

271,000,000 

170,000,00(1 

140,000,000 

Days old: 

1 . . 

360,000 7,750,000 

137,000 

157,000,000 

194,000,000 

70,000,00(1 

2 . . 

310,000 4,450,000 

216,000 

128,000,000 

216,000,000 

71,000,000 

3 . . 

4 . . 

260,000 2,435,000 

1,150,000 

15^000 

52,000,000 

102,000,000 


5 . . 

0 . . 

310,000 

300,000 

139,000 

34,000,000 

39,000,000 

41,000,000 

7 , . 


156,000 

31,000,000 

„ 54,000,000 


8 . . 


,. 



61.000,000 

9 . . 




36,000,000 


10 

11 




15,000.000 


12 
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Freezing does not kill the bacteria in nailk or cream; hence, ice 
cream may and does convey all of the milk-borne diseases. Further¬ 
more, the ice cream is often made in unsanitary places and handled 
in an unsanitary manner; so that even though the milk be safe 
there are numerous opportunities for infection, especially where ice 
cream is vended on the street or from the little ice-cream stands on 
the corner. 

Bolton reported experiments on the freezing of jB. typhosus in 
cream. One-twentieth of the organisms were alive after one month 
and even after forty-five days some of the organisms were alive. 
Furthermore, epidemics of typhoid have actually been traced to 
ice cream. Gumming reported 23 cases which developed among 
twenty-nine persons who partook of ice cream at a school picnic 
at Helm, California, in 1916. Ice cream was the only food partaken 
of by all, and as chocolate ice crream was the favorite flavor this 
was determined to be the source of the infection. This was because 
(1) those not partaking of it did not become ill, (2) those partaking 
of it but no other food were taken ill, (3) those eating chocolate ice 
cream were taken with acute intestinal symptoms, and (4) those 
eating the largest quantity of chocolate ice cream were the most 
seriously ill. 

Dysentery is also often spread by means of ice cream. Smillie 
studied 75 cases a,nd found the etiology of them to be as follows: 


Cases. 

Contact with an acute case.21 

Contact with a carrier ..2 

Contact with house cases.4 

Condensed milk epidemic.15 

Ice-cream cones.9 

Flies.6 

Milk.1 

Water.1 

Fruit.1 

Unknown.15 


The dysentery bacillus of Flexner was actually isolated from the 
ice-cream cones. 

Flamilton has pointed out that ice-cream epidemics can be pre¬ 
vented by (1) the use of ingredients with a clean sanitary history, 
(2) the use of properly cleaned utensils and a clean factory, and (3) 
the proper handling of materials by individuals with a clean bill 
of health. The first of these is to be controlled by the pasteurization 
of the milk and cream; the second by frequent inspection; and the 
last requires regular and careful inspection of all workers for com¬ 
municable diseases. 

Bacteria in Condensed Milk.—Sweetened condensed milk is not 
intended to be sterile. The large quantity of sugar added prevents 
the growth of microorganisms. But the unsweetened or evaporated 
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milk is sterilized after sealing, and hence when properly done the 
finished product should contain no bacteria. The organisms which 
at times survive pasteurization and later may cause spoilage are 
B. subtilis, B. viesentericus, and B. coagvlans. 

The degree of heat to which all the condensed, concentrated, and 
powdered milk are subjected is probably sufficient to kill all tubercle 
bacilli and typhoid bacilli, but Andrews’ work would indicate that 
at times condensed milk may act as a differential medium for 
Staphylococci. He reports instances where at time of condensation 
a few Staphylococci Pyogenes aureus were present, but later when the 
cans were opened many were present. 

Bacteria in Bread.—The interior of the loaf reaches a temperature 
of 101° to 103° C. and the crust 125° to 140.5° C. in the baking 
process; hence only the more resistant sporebearing organisms 
would survive the baking process. Disease germs, therefore, seldom 
—if ever— occur in the freshly baked bread. However, B, inesen- 
tericus mdgatis, and probably other organisms which cause slimy 
or ropy bread, may survive and cause considerable economic loss. 

When they have found their way into a bakery the ease with 
which they are overcome depends upon whether they are in the 
yeast, on the utensils, or in the flour. If they are in the yeast, a new 
start must be obtained, and Kayser suggests the use of acidulated 
water for washing all of the apparatus and even states that some of 
the apparatus may have to be discarded. Great economic loss, 
however, results when the flour is the infected material. 

Although bread is free from pathogenic bacteria when it leaves 
the oven, this is often not true when it reaches the consumer, for 
unwrapped bread must ever remain a constant danger. But when 
once wrapped, the danger is not as great, for the wrapper acts as a 
protection and if carelessly handled tells the tale to such an extent 
that it may be refused by the consumer. 

Bacteria in Eggs.—All investigators have found more bacteria 
in the egg yolk than in the egg white, and many of those who have 
found no bacteria in egg white have assumed that this part of the 
egg possesses a bactericidal action. Rettger considers that the 
contents of normal fresh eggs are as a rule sterile, although he con¬ 
siders it quite probable that an egg yolk may become invaded before 
it is expelled from the ovary. But this he considers an uncommon 
occurrence, except when the ovary is infected with the organism 
of bacillary white diarrhea. 

The percentage of infected eggs found by different investigators 
as reported by Tanner is given below: 


Author. 

Number 

Per oent. 

examined. 

infected. 

Rettger. 

.... 3516 

9.5 

Rettger (10 c.c. samples) . 

. . . . 647 

3.86 

Busiinell and Mauer. . . 

.... 27.59 

23.70 

Maner. 

.... 600 

18.10 

Hadley and Caldwell .... 

. . . . 2520 

8.70 










BACTERTA IN MEAT 


393 


The kind of organism and the number of times found by Rettger 
are listed below: 


Fresh eggs. Number of times 

found. 

Siaphylocuccus, u&uiAly aureus-Sind albas .74 

Siibtilis group, usually B. mesentericus and B. ramosus .... 00 

B. coli and closely related organisms.43 

Proteus group.30 

Streptococcus .'.14 

Micrococcus {tetragenus, etc.).9 

Streptothrix.6 

Diphtheroid bacillus.5 

Putrefactive anaerobes.5 

B. fluorescens .2 

Mold.4 

B. mucosus .3 

Mi:3fed.2 

Total. .257 


Hadley and Caldwell studied forty different strains isolated from 
eggs. They were divided as follows: rods, 28; cocci, 11; spirillum, 1. 
They found no member of the hemorrhagic septicemia, intestinal, 
proteus colon, enteritidis, typhoid, dysentery, nor diphtheria group. 

Rettger considers that under normal conditions the shell is bac¬ 
terium-proof. Moisture lessens its impervious character, however, 
and when combined with dirt or filth makes it possible for micro¬ 
organisms to enter and bring about decomposition. Hence, eggs 
should be stored under sanitary conditions. 

Cold storage, frozen, and dried eggs often contain millions of 
bacteria, yet of all food, so far as known, eggs are less liable to con¬ 
tain harmful products or to convey disease than any other single 
food of animal origin. They have an exceptionally clean health 
record. There is no known infection of the hen transmissible through 
the eggs to man. The literature is exceptionally free from instances 
where sickness has been attributed to eggs except in the case of 
anaphylaxis which is undoubtedly due to an idiosyncrasy of the 
individual and not to any inherent injurious constituent of the egg. 

Bacteria in Meat.—It is usually considered that the tissues of 
healthy animals are free from bacteria, but Haagland states that 
certain bacteria (chiefly micrococci) may be normally present in the 
carcass of healthy animals slaughtered for beef. These bacteria he 
considers possess no pathological significance and do not appear to 
multiply in the cold-stored carcasses, provided the cold storage 
room is maintained at the proper temperature. 

Meat kept for some time may contain many bacteria. Weinzirl 
and Newton found that four out of ten samples of meat which had 
been stored at —10° C. for one year, contained over 10,000,000. 

Chopped meats invariably contain many bacteria for the reason 
that meat used for that purpose is often that which has been dis- 
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carded for ot,her purposes and tluui tlie liasliin^^ ciirri(\s fli(‘ hacteria 
throughout the mass wliieh is an (‘xc<‘ll(‘nt ni(‘(!inni for th(‘ir inulii- 
plication. This is recognized by tlu^fact tliat Whhizirl and X(‘\vl()n 
I)roi)osed a l)a(tterial standard of not owr lO^lOOhlOO p(‘r gra.ni for 
hamburger and then found that 50 p(‘r cent, of th(‘ sa.ni|>h‘s (‘xainin(‘d 
I)y them luid to I>e condemn(‘d. 

Sausage always contains numerous bacteria, hut as point<*(l out 
by Carey the kind of organism pn^sent is nunv important than tlic 
number. lie isolated the following organisms from 31 sanif)Ics of 
saiisagci ])urcluised on the ma,rk(‘t in Chicago: 


BacilluH colt .. . . 

ProleuH v/ulijariH . 11 

B. paracolon . ii 

B. jfaaal'lfi . K 

Yoasl. s 

SLrepLococxui^ ..*> 


ElaphylococcnH aurr.uH . 


Bacteria in Canned Foods. -The majorihv of tint canned nH*aJs 
and fruits are free from hactteria., l>ut in tln^ (aisi* of H\v(‘llt*d and 
spoiled products numerous organisms are found. 

Some of thi) organisms identifi(Hl hy Donk as c'ausing sjioiiage of 
canned goods were as followxs: 
if. acidi in chccs(\ 

if. (mulicam in roast beef, sardines, and bulk granulated .sugar. 

if. candMm in })ak(*d lagans. 

if. cerem in baked l)eans. 

if. laclw in cheese. 

if. lutG'ii.Hin corn. 

if. fyogencB in two sam|)lcs of Mainer J^tyle corn and «me samfde 
of canned corn on coin 
if. dellatus in canned roast 1x^(4. 

IL cloacw in canned roast beef. 

]L delrudem in cheese. 

JL Iwheniforrtm in BtringJ)eunH. 

B, imgatheri/wm in sauerkraut l>rin(* (not canned) and cheese. 

IL niemitcricm in clieese. 

IL pammellii in cheese. 

IL mihtilu in c^orn. 

IL teMm in checise. 

IL vmosv-n in cheesen 

JL mlatw in spinach and bulk granulated sugar. 

IL welchii in corn. 

IL vulgatm in two samples of corn. 


HKFKilKNCKB. 

Eoseaau: Preveatativ© Medicine and Hy^ene. 
"^anner: Bacteriology and Mycology of Foodn, 










CHAPTER XXXIV. 


BACTERIA AND FOOD-POISONING. 

ThJi term ^'food-poisoning/' or ptomain poisoning, in the past 
has been used to cover a multitude of physiological disturbances. 
As Jordan points out, "that convenient refuge from etiological 
uncertainty 'ptomain poisoning' is a diagnosis that unquestion¬ 
ably has been made to cover a great variety of diverse conditions 
from appendicitis and pain caused by gall-stones to the simple 
abdominal distention resulting from reckless gorging." But even 
when account is taken of this, its toll of human life and suffering is 
great. Food-poisoning is also a great cause of inefficiency, depres¬ 
sion, sluggish mental processes, dissatisfaction, or abnormal irrita¬ 
bility which are often overlooked or attributed to other causes. 

Classes of Food-poisoning.—Present knowledge permits the follow¬ 
ing rough classification of food-poisoning: 

1. Poisoning due to the eating of foods which naturally contain 
poisonous products. 

2. Poisoning due to the eating of foods containing mineral poisons 
added either intenticinally or accidentally. 

3. The eating of foods which are normally non-poisonous but 
which have been obtained from animals suffering from disease. 

4. The eating of food which has been accidentally infected with 
pathogenic bacteria in handling or preparation. 

5. The eating of foods which contain poisonous products of 
bacterial katabolism-toxins. 

6. The eating of a normal food by an individual who possesses 
peculiar idiosyncrasies toward a specific food. 

Poisonous Foods.—The first group consists of naturally-occurring 
plants and animals which are always poisonous or become so during 
certain seasons of the year. According to Chestnut there are 
16,673 leaf-bearing plants included in Heller's Catalog of North 
American Plants. Of these nearly 500 have been alleged to be 
poisonous, but fortunately only a few are ever accidentally par¬ 
taken of by man. Chestnut lists about thirty important poisonous 
plants occurring in the United States and some of these are not 
known to be poisonous except to domestic animals. Some of the 
more common are as follows: 

American false hellebore (Veratrum mndi)—mistaken for marsh- 
marigold. 
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Kentucky c*o(re(^ ((li/iNiiodadi/.s* dlalca) niista,ken for Inhicv- 
loeiist. 

liroad leaf laurel [Kaluna lUIJolia) niistak<‘n for winter^rciui. 

Water lieialoctk {(Pwuta maculahv] roots inistakeii for liorsc*- 
radiali, artichoke, pjirsiiij), (ite. 

By far the most (uunnioii of these eases of pkuit-poisouini^ is due 
to the eating of the poisonous nuishroonis or “ toadstools” (. Imctnaia 
vimcarid), [A, {A. verna). 

The symptoms of poisoning!; with . 1 . p/ifdloidi’.H is thus <h*seri!)(*d 
by Ford: 

“Following the C(jnsumption of tint fungi tlnu'c^ is a period of six 
to fifteen hours during which no symi)toins of poisoning an^ shown 
by the victims. This eorres[)onds to the pcnmnl of ineul»atiou of 
other intoxications or infections, din* first sigii of trouble^ is suddem 
pain of the greatest intensity localized in the abdonum, ac’coinpajhiMl 
by vomiting, thirst, and (‘holeraic diarrhea with mu(*ous and bloody 
stools. The latter symptoin is by no means constant. 'Th(‘ pain 
continues in paroxysms often so s(‘va‘n^ as to causes tln^ p(‘curiar 
Hippocratic facies, la face nidleafic of tin* Knmch, and thtmgh soine^ 
times ameliorated in chara(*t(‘r, it usually n^curs with gn*uter 
severity. The patients rapidly lose strength and fl(‘sli, their 
complexion assuming a peculiar y(‘llow tom^. Afttu* three* to four 
days in children and six to eight in adults the victims sink into a 
profound coma from which tluiy cannot l>c roused ami (i(»at!i soon 
ends the fearful and usedess tragedy. (Convulsions rar«‘ly if evc^r 
occur and when present indicate, I am ineliiu^d to l>elieve, a inixi^l 
intoxication, specimens of Amanita mmaaria heirtg eatem with the 
phalloides. The majority of individuals poisoned by the ‘deadly 
Amanita’ die, tlie mortality varying from (K) to UK) per emit,, in 
various accidents, but recovery is not impossibh* when small 
amounts of the fungus arcj (‘atxm, esja^cially if tlui stomac^h be very 
promptly emptied, either naturally or artificially.” 

Metallic Poisons.—Various (‘anned goods have laten n^peateclly 
accused of causing poisoning, hut the cases in whicdi tliis has ocemrred 
when the foods have been sterilizes! by the* |)res.sure method are 
extremely rare. Where it has eaused trouble it is usually duc! to 
some metallic poison found in the (*ans and not to poisons dc‘vel(^peri 
in the food due to liacterial activity. 

Asparagus is often looked upon as one of the canned iirmlmis 
most likely to cause iioisoning. This is due in a large measure f o the 
fact that asparagus takes up large quantities of tin, and somet irirli- 
viduals are especially susceptible to this substance. Ilie cpiantity 
of tin, and especially copper, which is taken up in most emses varies 
with the amount and kind of acid found in tlie fruit or vegcitables. 
Moreover, when a low or poor grade of copper is umJ, it is niort* 
readily attacked by the fruits than are the pure eornpoiinds. 
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Fairly large quantities of copper have to be eaten before death 
results, and it is doubtful whether many foods would dissolve 
sufficient to result fatally. Whereas a small small quantity of one 
of the metallic poisons taken once may cause no ill effects, their 
constant use would, for their action is cumulative. Moreover, 
sanitarians insist that chemical substances likely to be irritating to 
the human tissues in assimilation or elimination should not be 
employed in food. Each new irritant, even in small quantities, 
may add to the burden of organs already weakened by age or 
previous harsh treatment. 

Animals Suffering from Disease.—The milk and flesh of animals 
suffering with certain diseases are continually being used without 
adequate cooking, the result being that thousands die each year from 
this cause- The majority of these cases come from the use of milk, 
which has been considered in an earlier chapter. A typical out¬ 
break of paratyphoid due to the eating of diseased meat is thus 
given by Jordan: 

^'The most characteristic examples of ^food poisoning,' popularly 
speaking, are those in which the symptoms appear shortly after 
eating and in which gastro-intestinal disturbances predominate. 
In the typical group-outbreaks of this sort all grades of severity 
are manifested, but as a rule recovery takes place. The great 
majority of such cases that have been investigated by modern 
bacteriological methods show the presence of bacilli belonging to the 
so-called paratyphoid group {B. 'paratyphosus or B, enteritidis). 
Especially is it true of meat-poisoning epidemics that paratyphoid 
bacilli are found in causal relation with them. Hiibener enumerates 
forty-two meat-poisoning outbreaks in Germany in which bacilli of 
this group were shown to be implicated, and Savage gives a list of 
twenty-seven similar outbreaks in Great Britain. In the United 
States relatively few outbreaks of this character have been placed 
on record, but it cannot be assumed that this is due to their rarity, 
since no adequate investigation of food-poisoning cases is generally 
carried out in our American communities. 

Typical Paratyphoid Outbreaks.—Kaensche describes an outbreak 
at Breslau involving over eighty persons in which chopped beef was 
apparently the bearer of infection. The animal from which the meat 
came had been ill with sever diarrhea and high fever and was 
slaughtered as an emergency measure (notgeschlachtet). On exami¬ 
nation a pathological condition of the liver and other organs was 
noted by a veterinarian who declared the meat unfit for use and 
ordered it destroyed. It was, however, stolen, carried secretly 
to Breslau, and portions of it were distributed to different sausage- 
makers, who sold it for the most part as hamburger steak (Ilack- 
fleisch). The meat itself presented nothing abnormal in color, odor, 
or consistency. Nevertheless, illness followed in some cases after 
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the use of very stniill |)orti()ns. With soin(^ of tlios(‘ aflVc/ted f h(‘ 
symptoms were very severe, hut tIi(U‘(‘ \v(^r(‘ no dc'atlis. 
the Bacillihs euteritldis type were isolated from m(‘at. 

largci and uiiusiuilly severe outhrc^ak rc^ported hy McAWencw 
oe(*urred in Noveinlxa*, 1908, amou^^ tin* inmates of an industrial 
school for girls at Limeric^k, Ireland, d'lu'n' w(*r(^ 73 eas(*s with 
9 deaths out of the total number of 197 ])npils. ddie brunt of thc^ 
atta(*k fell on the first or Senior class comprising 97 girls bcfw(*(‘n 
the ag(‘s of thirteen and sevent(‘(‘m ()ut of oo girls Ixtonging to !his 
(‘lass who ])artook of b(‘ef st(wv for dinner 33 sick(m(*d, and N of these 
died. ()m‘ of tlu^ two who wer(‘ not aflected a1(‘ tin* gravy ami 
|)otato(‘S but not tlie Ixvf. Some of the* imfili(‘ated Ixxd* was also 
eaten as cold meat I)y girls in som(‘ of the otluu’ (’lass<‘s, and also 
(taused illness. Part of tlui rm^at had bexm (‘at(‘n previously witlaait 
producing any ill ellects. ‘Th<‘ (‘scap(‘ of tlios(‘ who partiaik of 
portions of the same car(‘ass cm (htobcu* 27 and 29 (fiv{‘ days (‘arlierl 
may be aceount(‘d for (tther by uiHajual distribution of the* virus or 
hy thorough cooking which d(*stroy(‘d it. Some of the infe(tive ma¬ 
terial must, how(‘ver, hav(^ (‘seapcal the roasting of the 29th, and 
multiplying rapidly, hav(‘ rendcrcxl the whoh^ pi(‘C(* int<ms(‘Iy toxic 
and infeetive during the* fiv(? days tiuit (dapH(*d hefon* the fatal 'Vnvs- 
day when it was finally eonsunaxL’ 'rhennimal from whi(’h t hefon»- 
(piarter of tlu* Ixxd wastak(‘n liadbetm privatcdyslaughtenxl by a local 
butelier. N(> rc^Iiabk* information eould be obtaincal about the 
condition of th<‘ calf at, or slightly prior to, slaughter, dlie mt*a1, 
how'(‘ver, was sold at so low a price that it was(*vi<l<»ntly imt regarded 
as of prim(‘ {|uality. In this outbreak tin* agglutination rcwlioiis 
of th(^ blood of th(‘ ])atients and the* <*haraeteristie,s of tin* Imeilli 
isolated showcxl the inftH;tion to be due to a typical strain of 

Offending Foods, Meat is so oft(‘U th<* eausii of poisoning that 
the terms ^*meat-])oisoiiing” and food-poisoning*’ hav(‘ c^cane to 
Ikj used almost synonymously. Of nu^ats, (diiekcm and pork are 
more likely to eausit poisoning than ar(‘ meats from other ariinials, 
while the intcTual organs liver and ki<lney an* more likely to 
(!ontain distmse-produeing bacteria than arc* the mns<*ular lisstieH, 
Sausages, haml>nrg(*r shiaks, irumt j>iiddiiigs, and jel!i(*H are 
espcHdally likely to c*ause food-poisoning, 3dus is prolinldy due to 
the products from which they arc* made*, the metlKxls of tn‘a! ing, line! 
the fa(‘t that the hc^at used in <‘ooking sucdi foods is not Hiifficnent to 
kill the bacteria in thc^ food. Wliile thtre^ aw a few cases on record 
where individuals have beam poisoncal hy the* eating of freslily wcdl- 
cooked meats tiiey are so rare* as to !h^ of little* importam*e: so the 
thorough cooking of meat greatly diminishes thc! likedihood of 
trouble. 
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Human Infection.—It is necessary that food be protected from 
contamination during the whole process of preparation and serving 
to prevent its infection with pathogenic bacteria, as is illustrated by 
the remarkable instance reported by Sawyer where ninety-three 
typhoid cases were caused by eating Spanish spaghetti served at a 
public dinner. Investigation showed that the dish had been 
prepared by a woman typhoid-carrier who was harboring living 
typhoid bacilli at the time she prepared the d^sh. The dish was 
baked after it was infected, but the baking was shown by laboratory 
experiments to have incubated the bacteria instead of sterilizing 
the food. 

Then there is the celebrated case of Typhoid Mary, investigated 
by Saper. In the pursuit of her work as a cook in and about New 
York City she is known to have caused at least seven typhoid out¬ 
breaks in various families and one extensive hospital epidemic. 

The danger from this source is voiced by Chapin as follows: 

There are doubtless 200,000 cases of this disease (typhoid fever) 
in the United States each year. If only 3 per cent, of these become 
chronic carriers, and if a carrier remains such only three years, we 
should have a carrier population of 18,000 persons, practically 
unknown and taking no precautions against infecting others. If we 
add to these the 25 per cent, of convalescents, who for some weeks 
are excreting the bacilli in their urine, it appears that there is a very 
respectable army of unrecognized sources of typhoid infection.'^ 

This is a situation which will be solved only when all handlers 
of food in public places are examined for various diseases which are 
transmissible through food. A move in the right direction has been 
made by the California State Board of Health which enters into the 
following agreement with all carriers discovered: 

^'1 have this day been informed that my excreta contain typhoid 
bacilli and that, unless unusual precautions are taken, persons will 
contract the infection from me. Realizing this danger I agree to 
observe the precautions stated below, and request that I be permitted 
to remain in free communication with other persons. 

I will take no part in the preparation or handling of food 
which will be consumed by persons outside of my immediate family, 
and I will not participate in the management of a boarding house, 
restaurant, food store, or in any other occupation involving the 
preparation or handling of food. 

^'2. I will not dispose of my excretions in a toilet to which flies 
have access without first exposing such excretions to either a 5 per 
cent dilution of liquor formaldehyd or 5 per cent, phenol (carbolic 
acid). 

^^3. I will notify the local health officer of any cases of typhoid 
among persons with whom I come in contact. 

^'4. I will inform the local health officer of any contemplated 
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(flange of residence so that he can notify the Stnte Board of Health 
and obtain its ai)proval. 

^‘5. I will submit specimens for examination wlum n*(fu<*sted by 
tlic State Board of Health. 

I will fill out tluefollowing n^port blank when suhinitt(‘d to nit* 
semi-annually, and return the same to tlu^ California State* Bt^ard 
of Health: 

^1 have, during tlu* last six months, eomj)li(*d to th<* ht*sl of my 
knowledge with the five separate agr(*em(‘nts ent(‘r(‘d into bt‘twe(‘n 
myself and the California State Board of H(*alth. Precautions 
involved in these s(*parate agreements art* for the purpt>.st* of pr(*vent- 
ing typhoid infection/'' 

Ptomain Poisoning. Plant and animal tissn<‘s nnd(‘r appropriatt* 
tem|)erature, moistnn*, and atiration putn*fy. Tht* prott*ins art* 
broken down with tht^ formation of basic, oft(‘n highly tt^xie, sub¬ 
stances spoken of as ^'animal alkaloids'’ or ptomains. lliest* 
eornpomuls are not poisonous in evt^ry (*as(*. ''riit* presi*ne(? of oxygen 
in the compoiind seems to be nttetxssary for tin* {Ieva‘lopnH*nt of st nmg 
toxieity. In putrefying mixtures tht‘S(^ toxic botlies appt‘ar on <»r 
about the fifth to seventh day after putr{*fa(*tion sets in autl disai>pear 
through further cleavages morti or less ra]ntily yit‘lding h*ss eomph‘X 
nitrogenous substances that are non-toxic*. 11 was formc^rly thtmght 
that tlu‘y played a very important part in food-poisoning, lint 
recent work has indieat(‘d tliut they arc* seldom the* c'ansatlvi* agc’nt, 
Vaughan and Navy, who have made an extt‘nsivc* study of ptomains, 
havc^ proposed a V(‘ry cjlaborate nomenclature for suppos(*d food- 
poisoning due to their ingestion. Some* of them are as follcnvs: 

('hcmsrKH’HDninp:. . . , lyeafiJcihruyH 

Fifih-poiHoninK. • ■ Irhf hytaoxit^iniiM 

Foo<I“pr>iHoriirt|j:. . . HrnuKafatJMiHrrstifi 

Meut-pfjiHoning ........... Krt'afoxii^irnw 

.. . C aaiirtcitaxiHriisiH 

BotuHsm.-Botulism rcxsults from the coating of fcnal in which the 
Badllm hotulinns has grown and edaboratetd a poison. 'The organism 
is a large bacallus 4 to (»g by 0.9 to I.2iu, liaving sliglitly rounded ends 
and thc*y may arrange* themHf*Ives in i^airs, end to end, or in an 
unfavorable environment in long chains. It is a strict amiitrolie, but 
may grow under impc*rfec*t anaerobic eonditions if in syiriliiosis wifli 
certain aeroliic* bac'teria. I'hc* optimum t(*mp(‘ratiirc* for the grrnvtb 
of tlic I)aeilIuB and for the* e!al)oration of the* poison is lH*twc!eri 20® 
and 30® C. vegetative cadis an* easily dc*stroy<*d by hcait, l)Ut 
the sporc*s are cjiiite rcBistant (acaa)rding to \a,n Ixmicmgc*!!, Kfp C. 
for fifteem minutes), but I )ieksori eonsidc*rs thcuu ctven more! resistimt. 
Thorn and associates isolated strains from asparagus which survived 
steaming under 10 pounds^ press!,ire for fifteen minutes, or a tem|)<!ra- 
ture of 100® (,h for one hour. They remain visable, aceording to 
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Dickson, for months or even years if protected from the action of 
light and air, even though the medium in which they are immersed 
is of acid reaction. The toxin which they produce is quickly de¬ 
stroyed by exposure to the action of light and air, but will maintain 
its virulence for six months or more if kept in the dark and sealed. 
According to Van Ermengen, the toxicity is diminished by heating 
at 56^^ C. for three hours and destroyed by heating to 80° C. for half 
an hour or by boiling. Dickson found that the toxin may develop 
in mediums such as green corn, artichokes, asparagus, apricots, and 
peaches to which no traces of animal proteins have been added in 
addition to the various meats. 



Fig. 48. —Bacillus Botulinus. (After Dickson.) 


The pronounced symptoms which develop on the ingestion of the 
toxin are thus described by Wilbur and Ophuls: 

“Girl, aged twenty-three, Tuesday evening, November 23, 1913, 
ate the dinner including the canned stringbeans of the light green 
color together with a little rare roast beef. The following day she 
felt perfectly normal except that at 10:00 in the evening the eyes 
felt strained after some sewing. Thursday morning, thirty-six 
hours after the meal, when the patient awoke, the eyes were out of 
focus, appetite was not food, and she felt very tired. At night she 
had still no appetite, was nauseated, and vomited the noon meal 
apparently undigested. Friday morning, two and ono-half days 
after the meal, the eyes were worse, objects being seen double on 
quick movement, and it was noticed that they had a tendency to be 
crossed. A peculiar mistiness of vision was also complained of. 
She was in bed until late in the afternoon, when she visited Dr. 
Black. She had had some disturbance in swallowing previous to 
26 
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this time and stated that it felt as if' something came up from below’ 
that interfered with deglutition. The fourth day she remained in 
bed, was much constipated, and noticed a marked decrease in the 
amount of urine voided. There was at no time pain except for 
occasional mild abdominal cramps, no headache, subnormal tem¬ 
perature, and a normal pulse. The fourth and fifth days the breath¬ 
ing became difficult at times and swallowing was almost impossible. 
The patient complained of a dry throat with annoying thirst. The 
sixth day there were periods of a sense of suffocation with a vague 
feeling of unrest and as if there might be difficulty in getting the 
next breath. The upper lids had begun to droop. The voice was 
nasal. When the attempt -was made to swallow liquids they passed 
back through the nose. The patient felt markedly weak. 

Physical examination at this time showed ptosis of both upper 
eyelids, dilatation of the right pupil, sluggish reaction to light of 
both pupils, apparent paralysis of the internal rectus of the left 
eye, normal retina, inability to raise the head, control apparently 
having been lost of the muscles of the neck, inability to swallow, 
absence of taste. The tongue was heavily coated and the throat 
was covered with a viscid whitish mucus clinging to the mucous 
membrane. The soft palate could be raised but was sluggish, 
particularly on the right side. The exudate on the right tonsil w’-as 
so marked that it resembled somewhat a diphtheritic membrane. 
The seventh day there was some change in the condition; occasional 
periods occurred when swallowing was more effective, and there was 
less tendency to strangle. On the eleventh day there was some 
improvement of the eyes,, still strangling on swallowing, sensation 
of taste was keener, and the general condition improved. The 
twelfth day the patient was able to move her head, but was unable 
to lift it except when she took hold of the braids of her hair, and 
pulled the head forward. The eyes could be opened slightly, speech 
was less nasal and more distinct, and improvement in swallowing 
was marked. At the end of two weeks the patient was able to take 
soft diet freely, and at four weeks she was up in a chair for a couple 
of hours complaining only of general weakness and inability to use 
her eyes. At the end of five weeks she was able to leave the hospital 
and return to her home and later to resume her regular work.” 

Prevention.— The prevention of food-poisoning from canned foods 
consists of processing the material according to the best experience 
available, the selection of good, sound material and the rejection of 
any infected material. Dirty, wilted, and partly rotted food carries 
many more organisms into the canning process than does fresh, 
sound, clean fruits and vegetables. Dirty tables, dirty jars, lids, 
and sewage-polluted water and flies are sources of contamination 
which should be eliminated. 

When a can presents a convex appearance (technically called a 
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“blown can’’), or on opening a can a foul smelling gas escapes, it is 
a w’'armng to the consumer that the contents should be destroyed, 
not salvaged, fixed up into salads, mincemeat, or made-over dishes 
for human consumption, nor should it be fed to lower animals as 
there are many cases in which chickens and other animals have been 
killed by such products. This probably distributes the organism 
on the premises. 

At other times the products have a peculiar rancid odor resembling 
spoiled butter which becomes more pronounced on standing. Such 
vegetables should not be tasted, but destroyed. All vegetables 
which have been put up by any other than standard methods should 
be boiled before being eaten or even tasted, and no such products 
should be served as salads unless they have been cooked after remov¬ 
ing from the container. 
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CHAPTER XXXV. 
PRESERVATION OF FOOD. 


Where a race is dependent upon a local or seasonal supply of 
food it occurs that in one district or during one season there is an 
abundance, whereas in another locality or at another season there 
may be a scarcity which at times amounts to a famine. This state 
of affairs was very common in the earlier history of the race, but 
modern methods of transportation and food preservation has made 
it possible for the modern individual to have a sufBcient pd varied 
diet at all seasons. ■ A varied diet is more certain to contain all those 
constituents which are essential to the body needs than is a restricted 
or monotonous diet. Moreover, it is well recognized today that 
nutritional disorders are more likely to occur on a restricted than on 
a varied diet. Hence, the general result of the expansion in the 
kinds of food consumed is good, but the food should be preserved 
in a manner such that as little as possible of the nutrient constituents 
are lost; so there is little change in appearance and taste and nothing 
is added nor developed in the food which is deleterious to health. 

Heat, cold, drying, and the use of some chemicals have long been 
in use for the preservation of food, but it is only recently that the 
art has been developed to its highest perfection. This is due to the 
fact that the art of food-preserving depends upon the science of 
bacteriology, and today it is possible to preserve some foods indefi¬ 
nitely without injuring their nutritive value or seriously interfering 
with their taste and appearance, and all such methods are legitimate. 

But “the chief harm has come from the blind use of chemical 
germicides without regard for their harmful properties. The 
simplest and cheapest way to preserve food is by adding one of these 
chemicals and the method was, therefore, seized upon by alert men 
whose chief interest was of the pecuniary kind. The question was 
to find the smallest percentage of a chemical which would prevent the 
decay of some particular food product, trusting to luck that the 
preservative used would prove harmless to the consumer. Often 
these chemicals were added with a liberal hand; further, it was soon 
found that chemical preservatives could be used to preserve food 
products for the market from materials already so decayed as to be 
unsalable in their original condition.” 

Methods of Preserving Foods.—Methods of preserving foods may 
be roughly classified as follows; 
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1. Physical —The more important methods of this class are heat, 
cold, and drying. The last two are regarded by the sanitarian as 
antiseptic rather than germicidal, as they usually arrest the growth 
of the organisms, but do not kill them. 

2. Chemical.—Under this class we have two groups. 

(а) Those chemicals which preserve through their influence 
upon the medium in which they are placed. The majority of these 
act by increasing the osmotic pressure of the solution, and the 
important constituents used are salt and sugar. These are without 
objection from the hygienic standpoint. 

(б) Those substances which bring about a chemical change within 
the medium in which they are placed or which combine chemically 
with the living protoplasmic substance, or inhibiting their natural 
functions. Their function is then to prevent bacterial digestion. 
They are for the most part injurious, for if bacteria have attempted 
to digest food and failed, man need not try. 

Cold.—Cold has come in recent times to be of inestimable value in 
food preservation, and such food usually commands a higher market 
value than food preserved by other means. This is due to the fact 
that refrigerated foods in most cases very closely resemble in 
appearance, taste, and nutritive value the fresh article. Food 
can be kept in a satisfactory condition in cold storage for a very 
long time. The time varies with the specific article, its condition 
when placed in cold storage, and the temperature at which it is kept. 
Moreover, some foods such as meats pass through a stage of ripening 
while in cold storage so that when removed they have developed a 
tenderness and even more delicate flavor than that of the fresh 
product. 

The temperature at which foodstuffs must be kept varies with 
different articles. Fish are usually frozen, dipped in water, and 
refrozen. The formation of a coating of ice acts as a protection 
against bacteria and also prevents dessication. They are then 
stored at 16° C. Smith has shown that fish may be so kept for as 
long as two years without depreciating in nutritive or sanitary value. 

Meats are usually surface-dried before they are placed in cold 
storage. This prevents the formation of a film of water on the 
surface which under some conditions may act as a good cultural 
medium. Eggs and milk are materially injured by freezing; hence, 
they are ordinarily kept at a temperature just above 0° C. 

Cold is a disinfectant and not a germicide, and although a tempera¬ 
ture of 0° C. will prevent the growth of pathogens, some saprophytes 
may actually multiply at this temperature, but as the temperature 
is decreased the pathogens slowly succumb. Nevertheless, cold 
alone should not be relied upon as a protection against pathogenic 
bacteria. 

Most animal parasites die if kept in cold storage long. Rosenau 
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gives the following periods for some: Trichinae die at or below 5° C. 
in twenty days; Taenia saginata, the beef tapeworm, dies in twenty- 
one days; but Taenia solium, the pork tapeworm, may live more 
than twenty-nine days. 

Food spoilage in cold storage is usually due to wrong temperature. 
This is often true of the home icebox which is usually placed so as 
to be convenient, not considering practicability, and a survey of 
such refrigerators revealed the fact that the temperature is often 
15° C. or higher. Such a temperature is ideal for rapid bacterial 
growth. 

Foods taken from cold storage spoil rapidly as the bacteria in and 
on the food have not been killed and the freezing has loosened up the 
texture so the microorganisms can gain entrance. Moreover, the 
enzymatic change which proceeds in the cold-storage product gives 
rise to substances which accelerate bacterial activity. 

Nature’s method of preserving foods is by drying, 
for this is the universal principle used in preserving seeds. Bacteria 
must have moisture to grow and multiply, and if the dessication be 
great enough they die. Pathogens die quite rapidly when dried. 
Furthermore, fruits, vegetables, and meats when preserved by this 
method are usually cooked before eating; hence, the process has a 
decided sanitary as well as economical significance. Although 
nothing is added to the dried food and only water is lost, yet some 
dried food loses its savor and probably at times decreases in digesti- 
bihty. 

The effectiveness of drying as a means of food preservation 
depends upon the completeness of dessication and the specific food. 
Those foods which are rich in soluble constituents are easily pre¬ 
served by this method, for while the moisture present may be 
considerable yet the osmotic pressure in the solution is too great for 
bacterial growth. This is the reason grapes, apples, and prunes are 
so easily preserved by drying, whereas meats and some fruits are 
preserved with difficulty. 

A great variety of foods, such as meat, fruit, eggs, and even milk, 
can be successfully kept by drying. According to Rohn’s classifica¬ 
tion the following groups of foods can be kept by this method: 


Group I.Protein Foods 

Group II.Carbohydrate Foods 

Group III.Proteins -f- Carbohydrates 

Group IV.Acids + Proteins + Carbohydrates 


The use of pressure for the preservation of foods 
is yet in the experimental stage. Hite and coworkers found that the 
bacteria which cause spoilage in many fruits can be killed by press- 
me. Apple juice kept for five years after being subjected to a 
pressure of from 90,000 to 120,000 pounds. Peaches and pears 
exposed to a pressure of 60,000 pounds for thirty minutes never 
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spoiled. Inconsistent results were obtained with blackberries, 
raspberries, and tomatoes, thus indicating that more work is neces¬ 
sary before it can be used on a commercial scale. Larson, Hartzell 
and Diehl found that a direct pressure of 6000 atmospheres kills 
non-spore-forming bacteria in fourteen hours. A pressure of 
12,000 atmospheres for the same length of time is required to kill 
spores. They think sterilization by means of pressure may prove 
valuable from a medical viewpoint as cultures so killed were found 
very effective in immunization. They are disposed to attribute the 
sterilization to the sudden change in the osmotic tension of the fluid 
in which the bacteria were suspended. However, Bridgman’s 
results indicate that it may be due to the coagulation of the bacterial 
protoplasm. 

Canning,—This process in most cases leaves the food sterile. 
It is, therefore, a sanitary safeguard, and can be used with most 
meats, fruits, and vegetables, and if properly conducted yields very 
satisfactory products. 

The method used and the success met with varies with the 
different products and their condition at the time of canning. Acid 
foods or those containing large quantities of soluble constituents 
are canned with considerable ease as compared with the neutral 
substances (corn, peas, and beans). 

The various methods used may be arranged under three groups: 

1. The heating of the products under pressure for a suflScient 
time to sterilize. This method although it requires the use of an 
autoclave is more eflBcient and requires less time than the other 
methods. It is used very extensively in large canneries, whereas 
the intermittent and continuous methods are used to a greater extent 
in the home. 

2. The intermittent method consists of heating the products 
on three successive days, maintaining the food at a temperature 
between heating such that spores will vegetate. The objection to 
this method is the time necessary in the preparation of the finished 
product, and anaerobic organisms may not germinate in the intervals 
between heating but may later with the production of toxins. 

3. The continuous or cold-pack method is being extensively 
used of late, but Dickson and later Thom and coworkers have shown 
that the temperature is not always sufficient to insure the death of 
all injurious organisms. 

Sugar and Sa/i.—Sugar and salt preserve by increasing osmotic 
pressure and are very extensively used as they are without injury 
upon the health of the consumer. 

Sugar is largely used in the manufacture of jellies and preserves. 
These substances are cooked in the preparation, and this together 
with the high* osmotic pressure of the solution renders them free from 
pathogens. . 
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Salt is extensively used in the pr(‘S(n-vati(nj of nH^ats and {)iekleH, 
and onr knowl(‘d|i:(‘ eonecnaiin^ the action of salt is more exact than 
it is eoncerniiig su|^^ar. 

Tarimn* lists the various nxtscms which ha\'(‘ hvvn ascrilaal for tiu* 
keeping powau’S of salt as follows: 

L Exerts a poisonous action. 

IL Kenders the Tnoistiir(‘ unavailahle for microcirganisms. 

HI. Destroys the c(hs hy plasinolysis. 

Salt does not rend(a* tin* niediuin st(‘ril<‘ hut <‘xertH a selective 
action upon tlu^ l)aet(‘rial flora. A 7 to 10 |)er cent, sohitiim of salt, 
according to Stadku*, inliihitcKl tlie growth of th(‘ following organisms: 
IL Coli cornvruNr, IE inorhljirmt.s horu, IE rutmdilis, JE iprafrus} 
mdgariH, and Ji. I)(duliivu,s\ 

De Frey tag at id Stadler found that a saturated salt solution had 
the following effect upon haederia: 

INFIAJENCK OF CONCENTKATKD SAI.T H(UJ TION ON liAOTKHlA. 


Author. 

Organ inru. 

Olwrvation, 

Froytap: 

H, anihravin 

N«»f. killini nfUT a uuiulnfu'" of iiourn 

hVcytaii; 

. H. (mthrariH njioruH 

Not killed in nionthif. 

BVoytag 

. /C (iip/tmuH 

KiUo«l after tiv** ni*»iilhM. 

Btadlor . 

, li, inplumuH 

Not killi'fl in i4% wookM. 

FreytiiK 

. H. dlphtht riu 

Not killed in three* ^vei-kn. 

S( fuller . 

. If. diphthtria 

Not- killed in four nnd a half tteekn 

I'VeytuK 

. If. iuhr.mthmH 

Not kiile*! in three months, 

Btadler . 

. If. pent in 

Not killer! in nixteeri week^, 


Horner found that IE hoiuUnvfi does md di*vcIop in media ctm- 
taining over (i per <’ent. of salt, and In* ('onsuh^rs m<*iit whieli is 
properly eoveTi^l with hrinc^ sahn lint inueh higher f^oneentrations 
“12 to 19 p(‘r <*(‘nt. ax'ting for H(‘V(mty~five days are nc^c^esHiiry to 
destroy th(‘ haet(‘ria, and even thcui ptomains whieli hurl previfuisly 
l)een formed in the food wouhf not he remitted lutmiless. 

It is quite evidcint from tliest* nxHiiIts that salt is an efiieient fiMal 
preservative. It does not, howiiver, destroy pathogens, and in 
dilute solutions the organisms involved in focKl-poisoning may 
develop, 

Chemical Preservatives. All authoritifxs are agreed that the 
preservation of food by drying, refrigeration, Iieating, <mniiirig, 
salting, and preserving with sugar is justifiial on tlieorcdleal growwlH 
as well as practical expcirienee, whereas the nm^ of sii!i>lnt(*H in siiiisiige 
and chopped meat, the addition of foriniiJdfdjyd to milk, or of l>orie 
acid or sodium flourid to butter are object icmahle from tlie staiicD 
point of public health. The addition of sulphiteH t,o meat is esfMicIiilIy 
objectionable, as it places in the hands of the iinscrti|>uIo«s denier a 
method of concealing the signs of deciimposition in meat, in addition 
to being injurious to the health. 

The use of other preservatives such as Immok acid and sodiiiiii 
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benzoate is defended by some authors, while others argue that any 
chemical which is poisonous in large quantities should be considered 
as poisonous in small quantities until the contrary is proved. This 
can be determined only by tests extending over long periods, for 
whereas one dose may not be injurious the continuous use may. 
So it is best to exclude as far as practical the use of chemical pre¬ 
servatives from food. The subject is well summarized by Jordan 
as follows: 

^'The remedy is obvious and has been frequently suggested— 
namely, laws prohibiting the addition of any chemical to food except 
in certain definitely specified cases. The presumption then would 
be—as in truth it is—that such chemicals are more or less dangerous, 
and proof of innocuousness must be brought forward before any one 
substance can be listed as an exception to the general rule. Such 
laws would include not only the use of chemicals or preservatives, 
but the employment of substances to 'improve the appearance’ of 
foodstuffs. As already pointed out, the childish practice of arti¬ 
ficially coloring foods involves waste and sometimes danger. It 
rests on no deep-seated human need; food that is natural and 
untampered with may be made the fashion just as easily as the color 
and cut of clothing are altered by the fashionmonger. The incor¬ 
poration of any chemical substance into food for preservative or 
cosmetic purposes could wisely be subject to a general prohibition, 
and the necessary list of exceptions (substances such as sugar and 
salt) should be passed on by a national board of experts or by some 
authoritative organization like the American Public Health Associa¬ 
tion.” 

An advance in the right direction was made by the passage of the 
National Food and Drug Law in 1906. This is being rapidly 
incorporated in the statutes of the various states. According to 
this law a food is adulterated: 

1. "If any substance has been mixed, and packed with it so as to 
reduce or lower or injuriously affect its quality or strength. 

2. "If any substance has been substituted wholly or in part for 
the article. 

3. "If any valuable constituent of the article has been wholly or 
in part abstracted. 

4. "If it is mixed, colored, powdered, coated, or stained in any 
manner whereby damage or inferiority is concealed. 

5. "If it contains any poisonous or other added deleterious 
ingredient which may render such article injurious to health. 

6. "If it consists in whole or in part of a filthy, decomposed or 
putrid animal or vegetable substance or any portion of an animal 
unfit for food, whether manufactured or not, or if it is the product 
of a diseased animal or one that has died otherwise than by 
slaughter.” 


410 


PRESERVATION OF FOOD 


Th 9 se chemical preservatives concerning which there is a question 
as to their influence upon the health need only be listed on the article 
leaving the consumer to decide for himself as to whether he cares to 
use it. 
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CHAPTER XXXVL 


BACTERIA IN THE ARTS AND INDUSTRIES. 

Bacteria play an ever-increasing part in the arts and industries 
and man is learning that the majority of them are his friends and not 
his enemies. In addition to the processes considered in the preced¬ 
ing pages bacteria play a leading role in many important industries, 
a few of which are briefly considered below. 

Alcoholic Fermentation.—The development of bacteriology as a 
science is intimately associated with the history of fermentation. 
Some of Pasteur’s classic studies dealt with this subject and ever 
since it has commanded considerable attention. 

Although from a commercial viewpoint the yeasts are of first 
importance in alcoholic fermentation, yet there are many bacteria 
which produce alcohol, for instance: 

B.fitzianvs, ferments glycerin with the formation of ethyl alcohol. 

B, ethaceticus ferments glycerin, starch, sucrose, lactose, glucose, 
mannite, and arabinose with the formation of ethyl alcohol and 
acetic acid. 

A number of bacteria, chief among which are B, hidylicus, B. 
B, orthobutylicus, B. amylozyme, and Beijerinck’s genus Granulo- 
bacter, ferment carbohydrates with the production of butyric acid. 

Recently Northrop and coworkers have outlined a method of 
producing acetone on a commercial scale, ethyl alcohol being a by¬ 
product. The organism used is B, acetO’^thylicum which acts on a 
solution of beet molasses. The fermentation yielded from 8 to 8.5 
per cent, of the sugar as acetone and 2(3 to 21 per cent, as ethyl 
alcohol. 

Milk usually undergoes lactic acid fermentation, yet Koumiss, 
Matzoon, Keflir, and Leben all contain alcohol and bacteria play an 
important r61e in their fermentation. 

Vinegar.—Many species of bacteria have been described which 
produce acetic acid. They are all closely related but differ slightly 
in morphology and fermentative power. It is believed that the 
oxidation of the alcohol is due to an intracellular enzyme. All of 
the organisms are bacilli and a few of the most common species 
are as follows: 

Bacterium 'pasteurianum—Xion-motile rods, Ifx x 2yu, that do not 
form spores. Their optimum temperature is about 34° C. They 
develop best in solutions not over 9.5 per cent, of alcohol and 
produce under favorable conditions about 6 per cent, of acetic acid. 
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BacUrium. fichilizenbaclii and sev(‘raJ n^latc'd s|H‘cics an* tta* main 
factors in the production of vin(‘gar l)y tlu^ (}ui(*k“vinc‘|rar procc‘ss. 
The organisms vary e()nsidcral)ly in size? 0.4^ x *> 'llieir 

optimum temperature is 25"" 30*^ (h Tlu*y ])roduc(* as high as 
11.5 per cent, acetic acid. In the absence <»f siiffi(h‘nt alcohol the 
acetic acid may i)e oxidized l)y theiri to f*arhon dioxid and water. 

Two methods of preparing vinegar an^ in g(*nera] use U l the 
Orleans and (2) the Quick, or (h*rman Metho<l. 

1. The Orleans Method is the old(‘.st (tomniereial mdluHi and 
produces vinegar of the highest quality. Tluin* an* many mtHlifiea- 
tions of this method l)tit they all (tontain (‘HH(*ntially the same 
principles. The filter(*d wine is placed in barrels or (*ov(*red vats 
fimuBhed with openings so tlux entrance of air is fadlitated and can 
be controlled. Thc^ rec(‘pt.ach5 is filhsl about two-thirds full of a 
mixture of four parts of good, n(‘W vinegar and six parts of wim% 
preferably that which has b<‘(*n i)ast(*urize(l at of/’ (\ At tinH*s 
there is placed a light wooden grating whif‘h ficaits lual hel|).s to 
sui)port the bacterial film. A small (juantity of a good baet€*rial 
film is phased in as a start(‘r. Periodi(*aIIy a portion of tin* contentH 
is drawn off and r(*])Iaced l>y winc% and so the pna’css c*mitinuf*s. 

2. In the Qnic^k or (Jerman M<‘thod tlie liquid to la* a<*<4ified 
is allowed to trickh? through barnds filha! witli hiaali <*hipH, the 
pressed pormuat of nal win(*s, rattan shavings, ca^rii cobs, or charcoal. 
Although tlie fnain fuiK*tion of these? is to incr(*asc* aeration, yet tlie 
best results are obtained with tin? Ixieeh shavings or pomaee. 

Sauerkraut,- The ealiliagr* is eleaned, cut iritis piectes of c*on- 
venient size, and tightly packc*d with from 1 to 3 p(‘r <4 salt 
into wooden or (?arthen vessf^ls on tin* top of which is |>laeed ii 
weighted ixirforated cover. This, together with the osmotic presH- 
ure of tlui salt, draws from the vc*getable ('onsiderahle water, llu* 
rcBpiratioii of the cells of the htaf and th<? yc*ast sexm remove all 
oxygen. The iruiBS undergcMxs lactic a(*id fermitntation wliicdi in 
time reaches from 0.5 to 1 per cent. The? brine is thiui drawn <df 
and replaced by 4 to 8 per cent, salt solution. In this tin? vegetalile 
will keep for a coriBidctrable time. Many substiUK^i^sAire prixltic:«l 
in the process, the chief* of which are lacrtic acid, alcaihol, suc*ciiiic 
acid, volatile adds, mannite, amid bcKlies, carbon dioxid,, liydrogcm, 
methane, and various aromatic esters. 

The bacteria resfionsible for the prcKx*ss come from tfie vegetslile. 
Although Weiss has isolated 05 different species of baeteriii from 
sauerkraut, probably the prindpal changes are due to a ftwv species. 
The lactic acid is usually producesd l>y Imikm find 

Bacterium lactm addi. 

By similar means other vegetables—stringbeans, cueiimbew, 
etc.—may be preserved. 
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Ensilage.—The changes through which ensilage passes during its 
curing was looked upon a few decades ago as being entirely microbic 
in origin, but due to the work of Babcock and Russell (1906-10) 
opinion swung in the opposite direction to such an extent that 
microorganisms were generally considered as of little if any signifi¬ 
cance in the normal fermentation of silage. Later (1912) Esten 
and Moson considered the process entirely bacteriological. Three 
chief fermentations were thought to take place: the lactic acid, 
alcoholic, and acetic acid fermentation. The lactic acid fermenta¬ 
tion was thought to be due to organisms similar to those concerned 
in the souring of milk. It was also believed by these workers that 
yeasts cause an alcoholic fermentation and that acetic acid bacteria 
then oxidize the alcohol so formed to acetic acid. Samarani con¬ 
cludes that the acetic acid fermentation in silage is due to the res¬ 
piration of the plant cells, while the lactic acid fermentation is due 
to bacterial action. The organisms responsible for the latter proc¬ 
ess were identified by him as a bacillus and a coccus which occurred 
in about equal proportions. The former he designated as the B. 
acidi lactici of Hulppe, and the latter was considered identical with 
the common streptococcus of milk. 

Counts made by Bherman on silage juice showed the presence of 
from 1,500,000,000 to 4,800,000,000 per cubic centimeter, most of 
which were slender rods, and he considered the organisms con¬ 
cerned to be nearly related to the B. hvlgaricus group of milk and the 
B, acidophilus groups. 

However, the temperature, kind of silage, and other factors 
would govern the bacterial flora, and Gorini distinguishes four types 
of grass-silage prepared in pits, depending upon the predominating 
type of bacteria as follows: (1) Butyric, (2) lactic, (3) putrefactive, 
and (4) sterile or atypical. If the silage stage reaches a temperature 
of 60° C. butyric organisms predominate; if 50° C. lactic organisms 
prevail; putrefaction occurs at lower temperatures, and sterile or 
atypical when the mass becomes superheated. Butyric silage is 
objectionable because of the odor and taste which it is apt to impart 
to the milk %xid the bacteria which enter from the surroundings 
render the milk unsuitable for cheese-making. 

The acid-produqing bacteria of silage are found constantly on 
corn fodder, so that silage made from corn is always amply seeded 
with the organisms, but Gorini achieved considerable success by 
inoculating fresh grass-silage with lactic acid bacteria, and Crolhois 
found that the inoculating beet silage with lactic acid organisms 
preserves it better, furnishes a more nutritive product, and sup¬ 
presses the diseases to which the cattle fed on non-inoculated pulp 
are subject. 

At least from a theoretical basis this would seem quite probable, 
for it is known that beets contain in addition to many other products 
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cholin and betain. The quantity of this last product in the ripe 
beet is 0.1 per cent., in the unripe beet 0.25 per cent., and in the beet 
molasses as high as 3 per cent. The quantity may be even greater 
in the leaves and upper part of the beet than in the main beet. 

Now certain organic reactions are known which relate these 
products to a toxic substance. Cholin on oxidation and the subse¬ 
quent elimination of a molecule of water passes into betain: 


CH2CH2OH 

/ 

(CH3)3N + 20 

\ 

OH 

Cholin. 


CH 2 

/ \ 

(CH3)3N c=o 

\ / 
o 

Betain. 


+ 2mo 


This is a typical oxidation and dehydration reaction which could 
be brought about by mold or bacteria under aerobic conditions, 
whereas betain can be converted into muscarin through being made 
to take up water and reduced thus: 


CH 2 CH 2 —CHO.H 2 O 

/ \ / 

(CH3)3N C=0 -h H2 + H20=(CH3)3N 

\ / \ 

O OH 

Betain. Muscarin. 


This is a reaction which theoretically could be catalyzed by bac¬ 
teria or molds and would probably occur under anaerobic conditions. 

It, therefore, appears plausible that under appropriate tempera¬ 
ture, moisture, aeration, and microflora there may develop in beet 
silage toxic compounds. 

Retting.—The separation of the fibers of flax and hemp is brought 
about by a complex fermentation in which bacteria dissolve certain 
pectin bodies which cement the fibers together. The reaction 
occurs best at a temperature of 30° to 32® C. and is due to many 
species of bacteria. In the water-retting of hemp, the anaerobic 
butyric acid bacteria {Clostridia) play a leading r61e, and the water- 
retting of flax is ascribed to a specific anaerobic bacillus {Granu- 
lobacter pectinowrum ). 

Tanning.—Animal skins are tanned in order to increase their 
resistance to decomposition and also to increase their adaptability 
to the various purposes to which leather is put. In tanning bacteria 
play important parts. When the skin is soaked in baths rich in 
organic matter an energetic bacterial flora soon develops which 
quickly softens the hide. Bacteria cause the depilation and removal 
of the hair by which the dermis is separated from the epidermis and 
the hair which accompanies it. This is true in the sweating and lime 
methods, whereas the alkaline sulphid and arsenic sulphid are both 
chemical methods. 

The third step ip tke proce§? is conducted in the excrement or 
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amylozyme, formation of butyric 
acid by, 411 

anthracis, action of salt on, 67, 408 
influence of pressure on, 107 
temperature relations, 97, 98 
aquatilis, in water, 346 
asteroporus, nitrogen fixer, 251 
aurantiacus, 346 
azophile, 267 

bifermentans sporogens, 190 
botulinus, 400, 401 
acid production by, 86 
influence of salt on, 408 
morphology of, 400 
bulgaricus, 370, 377 
in silage, 413 

centropunctatum, as denitrifier, 241 
243 

cereus, 167, 168 

cultural characteristics, 167, 168 
morphology of, 167 
physiology of, 168 
in soil, 165 

cholera), action of salt on, 67 
circulans in sewage, 361 
in water, 346 

cloacae in canned beef, 394 
in sewage, 361 

coagulans, survive pasteurization, 
392 

coli, 243 

action of copper on, 123 
on phosphates, 174 
aerogens in cheese, 390 
communis in milk, 376, 377 
in eggs, 393 

indol and skatol production by, 89 
products formed by, 85 
as putrefier, 190 
in sausage, 394 
in water, 346 
weight of, 64 
cyanogenes in milk, 376 
pigment production of, 93 
delicatulus in sewage, 361 
denitrificans, 240, &1 


Bacillus denitrificans, enzymes of, 244 
longevity of, 245 
detrudens in cheese, 394 
diphtheria) in butter, 389 
influence of salt on, 408 
in milk, 377 ‘ 

temperature relations, 98 
diplococcus griseus in putrefaction, 
190 

dysenteria), Flexner, in milk, 377 
Shiga, in milk, 377 
ellenbachensis, 250 

action on cyanamid, 221 
enteritidis in food, 397 
in water, 346 
erythrogenes in milk, 376 
ethaceticus, alcohol produced by, 83, 
411 

fecalis in sausage, 394 
ferrugineus, 333 
filefaciens, as denitrifier, 241 
fitizianus, alcohol-producing, 83, 411 
flitrovorum, as denitrifier, 243 
fluorescens, action on cyanamid, 221 
in eggs, 393 

liquefaciens, carbon requirements, 
242 

denitrifier, 241, 243 
in water, 346 

non-liquefaciens, in water, 346 
pigment production by, 93 
in sewage, 361 
fulvus in water, 346 
fuscus, 361 

hartlebi, denitrifier, 241, 242, 243 
helvolus in sewage, 361 
hyalinus in sewage, 361 
icteroides, ammonia-producing, 196 
janthinus, pigment production by, 93 
kirchneri, action on cyanamid, 221 
lactimorbimic melitensis, in milk, 377 
lactis acidi, in milk, 376 
aerogenes in water, 346 
viscosus in milk, 376 
nitrogen fixer, 251 
leprae, nitrogen requirements, 68 
levaniformus, nitrogen fixer, 251 
licheniformis in string beans, 394 
liquefaciens in sewage, 361 
liquidus in sewage, 361 
megatherium, 165, 166 
action on cyanamid, 221 
ammonia produced by, 196 
cultural characteristics of, 165 
denitrifier, 241 
in foods, 394 
morphology of, 165 
physiology of, 165, 166 
in soil, 165 

mesentericus, in bread, 392 
in cheese, 394 
in eggs, 393 
. nitrogen fixer, 251 
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Bacillus mesentericus, survive pasteur¬ 
ization, 392 
vulgatus, 196 
in sewage, 361 
methanicus, 334 
monadiformis in sewage, 361 
mucosus in eggs, 393 
mycoides, 166, 167 

action on cyanamid, 221 
on phosphates, 174 
ammonia produced by, 194-196 
cultural characteristics of, 167 
denitrifier, 241, 242 
morphology of, 166 
optimum conditions for, 195 
physiology of, 167 
in soil, 165 
nibilus in sewage, 361 
nitrator, 225 

nitrovorum, denitrifier, 241^ 
ochracens in water, 346 
orthobutylicus, formation of butyric 
acid by, 411 

pammellii in cheese, 394 
paratyphosus, in food, 397 
in milk, 377 

perfringens in putrefaction, 190 
pestis, influence of salt on, 408 
phosphorescens, influence of temper¬ 
ature on, 96, 98 
pneumonae, nitrogen fixer, 251 
prodigiosus, denitrifier, 241, 243 
in milk, 376 
nitrogen fixer, 251 
pigment produced by, 93 
in water, 346 

proteus, indol and skatol formation 
by, 89 

in putrefaction, 190 
vulgaris, action on phosphates, 174 
ammonia-producing, 196 
denitrifier, 241 
in water, 346 
zenkeri, as denitrifier, 241 
in sewage, 361 

pseudodiphtherise, influence of press¬ 
ure on, 107 

punctatus in water, 346 
putidum, action on cyanamid, 221 
putidus in putrefaction, 190 
putrificus in putrefaction, 190 
pyocyaneus, carbon requirements of, 
242 ^ 

denitrifier, 241 
pi^ent produced by, 93 
radicicola (See Ps. radicicola) 
nitrogen fixer, 251 
ramosus, ammonia-producing, 196 
in eg^, 393 

non-lxquefaciens, as denitrifier, 241 
rubefaciens in water, 346 
ruber in water, 346 
rubes cens in water, 346 


Bacillus simplex in soil, 165 
sporogenes in sewage, 361 
stillatus in sewage, 361 
stutzeri, as denitrifier, 241 
subtiHs, action on cyanamid, 221 
on phosphates, 174 
in corn, 394 
as denitrifier, 241, 243 
physiological solution for, 142 
in soil, 165 

survives pasteurization, 392 
temperature relationship of, 98 
in water, 346 
tenus in cheese, 394 
tetani, acid produced by, 86 
thermophilis, temperature relations 
of, 96, 98 

tumescens, ammonia-producing, 196 
typhosus, acid produced by, 85 
action of copper on, 123 
in cheese, 390 
in cream, 391 
as denitrifier, 241 
in ice, 350 

influence of freezing on, 100 
of salt on, 408 
longevity of, in butter, 387 
in milk, 377 
in sewage, 364 
in water, 344 
vilatis in spinach, 394 
violaceus, pigment production by, 93 
in water, 346 
viscosus in cheese, 394 
vulgaris, action on cyanamid, 221 
ammonia-producing, 196 
in putrefaction, 190 
vulgatus, anomonia-producing, 196 
in corn, 394 

weichselbaumii in sewage, 361 
welchii in com, 394 
zopfi lepsiense, action of, on cyana¬ 
mid, 221 

in putrefaction, 190 
Bacteria, acid production by, 84 
action of drying on, 105 
on fats, 87 
on hippuric acid, 92 
on minerals, 92 
on proteins, 87, 88, 89 
on sulphur, 175, 178 
on urea, 91 
on uric acid, 91 
in air, 336-339 
expired, 339 
inspired, 339 
methods of entering, 336 
number and kind of, 336, 337 
amins, formation of, 90 
in arts and industries, 411, 416 
autotrophic, 67 
in body, 31 32 
in bread, 392 
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Bacteria, Brownian movement of, 40, 
41 

in butter, 387 
in canned foods, 394 
capsules of, 43 
. carbohydrates in, 58 
carbon requirements of, 68 
cellulose in, 42 

changes produced in milk by, 375, 
376 

in cheese, 289, 390 
chitin in, 43 
classes of, in milk, 376 
in water, 345, 346 
classification of, 46-57 
composition of, 58-62 
cytoplasm of, 43 
definition of, 29 
discovery of, 17 
in eggs, 393 
in ensilage, 413 
energy for, 65 
extractives in, 58 

factors influencing number and kind 
in soil, 162, 164, 337, 338 
food requirements of, 63-70 
gradation of, 38 
hemicellulose in, 42 
hydrolyzing in sewage, 362 
hydrogen requirements of, 68- 
in ice cream, 390, 391 
indol, production by, 89 
influence of antiseptics on, 129-138 
of calcium carbonate on, 139 
chloride on, 142 
of chemicals on, 108-117 
of cold on, 100 
of electricity on, 103 
of gypsum on, 142 
of heat on, 95 
of iron sulphate on, 142 
of light on, 95, 101, 105 
of lime on, 141 
of magnesium salt on, 143 
of manganese salts On, 143, 144 
of manure in soil, 151, 153, 154 
of moist heat on, 99 
of moisture in soil on, 154, 155 
of osmotic pressure on, 106 
of oxygen on, 105 
of potassium salts in soil on, 144, 
145 

of radium rays on, 103 
of Rontgen rays on, 103 
of salts on, 139 
of shaking on, 107 
of sodium salts in soil on, 145 
of temperature and light on, 95-102 
involution forms, 38 
as liberators of phosphorus, 174 
longevity of, 45 
in lungs, 32 
in meat, 393 


Bacteria, metachromatic granules, 43 
method of determining number of, 
160 

in milk, 31, 372, 373 
certified, 371 
common, 372 
condensed, 391, 392 
sources of, 372, 373 
• speed of growth in, 374, 375 
moisture in, 65 
content of, 58 
morphology of, 37-45 
motihty of, 17, 42 
nitrogen requirements of, 69 
occurrence of, 31 
oxygen requirements of, 69 
phosphorus requirements of, 69 
pigment production of, 93 
in plants, 32 
pleomorphism of, 38 
potassium requirements of, 69 
production of heat by, 94 
light by, 94 

ptomains produced by, 91 
r6le in nature, 32 
in sewage, 361 
oxidizing in, 363 
pathogens in, 364, 365, 366 
reducing in, 363 
sheath of, 43 
skatol formation by, 89 
soil formers, 33, 171, 172' 
in soils, kinds of, 164, 165 
number of, 161, 162 
spores of, 44 
stimulation by salts, 147 
in stomach, 32 
sulphur requirements of, 69 
toxicity of salts for, 149 
vital movement of, 41 
vitamine requirements of, 70 
in water, 342 
classes of, 345, 346 
influence of light on, 343 
of sedimentation on, 343 
of temperature on, 344 
weight of, 39 
zooglcea, 43 

Bacterial activities, influence of 
arsenic on, 118-126 
of enzymes on, 71-81 
of manure on, 150-159 
of salts on, 139-149 
counts, value of, 161 
metabolism, 71-94 
products of, 81-94 
toxins, 91 

Bacteriology, agricultural, 27, 36 
dairy, 36 
definition of, 29 
development of, 17-28 
industrial, 36 
pathological, 36 
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Bacterium, acetic acid produced by, 
85 

chrysogloea, nitrogen fixer, 252 
dipbtherise in milk, 377 
lactis aerogenes in milk, 376, 377 
lactus acidi in sauerkraut, 412 
lipsiense, nitrogen fixer, 252 
pasteurianum, acid produced, 85, 86 
morphology of, 411 
pneumoniae, alcohol-forming, 83 
schutzenbachi, morphology of, 412 
tartaricus, nitrogen fixed by, 252 
termo, in putrefaction, 190 
tuberculosis, in butter, 388 
composition of, 59 
influence of salt on, 408 
in milk, 377, 382 
in oleomargarine, 389 
in sewage, 364 

temperature relation of, 96, 98 
Bacteroids, 291, 302, 303 


C 

Calcium carbonate formed in soil, 173 
losses in soil, 172, 173 
on soil flora, 139 
transformation in soil, 172, 173 
Capsules, 43 
composition of, 61 

Carbohydrates, action of, in soil, 246 
in bacteria, 58 

influence on ammonia production in 
soil, 199 

on denitrification in soil, 242, 243 
on nitrification in soil, 222 
on nitrogen fixation in soil, 262 
products formed from, by Azoto- 
bacter, 268 

as source of carbon, 68 
Carbon bisulphid, action of, on soil, 127, 

128 I 

on Azotobacter, 128 . : 

on plants, 127 | 

compounds, influence of, on denitrifi¬ 
cation, 243 
cycle, 182, 183 

nitrogen ratio influence on nitrogen 
fixation by Azotobacter, 263 
264 

in soil, 191 

sources of, for bacteria, 68 
for nitrifiers, 220, 221 
for plants, 290 
Catalyzers, definition of, 75 
as ferments, 71, 73 
Canned food, bacteria in, 394 
Canning, 407 
Cellulose, 327 
in bacteria, 42 

decomposing ferments, 327-335 
early observations on, 327-330 


Cellulose decomposition by actinomy- 
cetes, 170 

ferments, aerobic, 333 
function, 333, 334, 335 
involution forms of, 333 
isolation of, 330, 331 
morphology of, 331-333 
products formed by, 332 
recent work on, 333 
in sewage, 363 

temperature relations of, 333 
sources of energy for Azotobacter, 
263 

Cell wall of bacteria, 42 
Cheese, bacteria in, 389, 390 
Chemical preservation of foods, 408, 
409 

Chemicals, influence of, on bacteria, 
108-117 

Chemotaxis, 108, 109, 304 
Chitin in bacteria, 43 
Chlorinated lime as disinfectant, 115 
Chlorine compounds as disinfectants, 
114 

Cholera due to water, 351, 352, 354 
vibrio, composition of, 61 
Classification of bacteria, 46-57 
bacterial products, 82 
difficulties of, 46, 48 
from food requirements, 67 
Jensen’s, 67 
Migula’s, 46 
in regard to heat, 96 
Soc. Am. Bact., 50 
of bacterial enzymes, 79 
pigments, 93 

Linnaean system of, for plants, 48 
of waters, 340, 341 

Climate, influence of, on nitrogen fixa¬ 
tion, 283, 284 
Clostridium, 86 

americanum, nitrogen fixed by, 264 
utilization of cellulose by, 263 
gelatinosum, 241 
nitrogen liberated by, 243 
pasteurianum, discovery of, 250 
method of growing, 272 
morphology of, 252, 271 
nitrogen fixed by, 264 
occurrence of, in water, 254 
physiology of, 272 
S 3 rmbiosis with Azotobacter, 276 
Cocci, 37 

Cold, influence of, on pathogens, 406 
preservation of food by, 405 
Colloids, influence on Azotobacter, 260, 
261 

Composition of bacteria, 58-61 
of water bacillus, 60 
Copper, action of, on soil bacteria, 122, 
123 

in food, 397 

Crenothrix polyspora, 180 
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200 

in curlhiloHo fonnentation, 330 
in denitrifKiation, 243 
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in Fh. radicicola metabolism, 305 
definition of, 72, 73 
fimtorH Knvertiing action of, 76-79 
hydrolytic, 79 
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of temperature on, 77, 79 
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F-^nnow, influence of, on nitrification, 
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FI jrmentation, 188-193 
of nieohol, 83, 84 
aicfiholic, 411 
definition of, 188 
early theories of, 21, 71, 72 
mmytnm of, 79 

FftrnientH, exirac^ellular, 72 
intractdlular, 72 
organi»5e.cl, 72 
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FeTtiIi'/.en4, influence of, on legumes, 
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Focal, bacteria in, 387-394 
function of, for bacteria, 64 
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Lime, influence of, on nitrification, 219 
on nitrogen fixation, 255 
requirements of soil, Azotobacter 
as an indicator of, 254 
Lipases, 80 
Listerism, 26 
Longevity of bacteria, 45 


M 

Magnesium carbonate, influence of, on 
nitrification, 219 

salts, influence of, on bacteria, 143 
Maltose, 79, 80 

Manganese salts, influence of, on bac¬ 
teria, 143, 144 

Manure, denitrifying organisms in, 240 
green, ill effects from lise of, 158 
influence of, on soil, 152, 156,.159 
influence of, on ammonification, 153 
on Azotobacter, 266, 267 
on bacteria, 151-153 
on bacterial activities, 150-159 
on moisture of soil, 151 
on nitrification, 153 
on nitrogen fixation, 153, 154 
on temperature of soil, 151 
products of decomposition, 330 
Mass and enzyme action, 78 
Matzoon, 411 

Micrococcus acidi in cheese, 394 
albicans amplus, 361 j 

candicans in beef, 394 I 

candidus in baked beans, 394 
casei in sewage, 361 
cereus in beans, 394 
fervidosus amplus in sewage, 361 
flavus liquefaciens in putrefaction, 
190 

gonorrhesD nitrogen requirements, 68 
temperature relationship of, 98 
lactis in cheese, 394 
luteus in corn, 394 
meningitidis, vitamine requirements 
of, 70 

pyogenes in corn, 394 
stellatus in beef, 394 
tetragenus mobilis ventriculi, 361 
ureac, 81 
Micron, 39 

Microorganisms, kinds of, in soil, 164 
Microspira aestuarii, action of, on sul¬ 
phates, 179 

desulphuricans, action of, 6n sul¬ 
phates, 179 

Mills Reincke phenomenon, 353 
Milk, abnormal changes in, 376 
acid-forming bacteria in, 376, 377 
bacteria in, 372 
bacteriology of, 368-377 
bitter, 376 
certified, 371 
28 


Milk, changes produced in, by bacteria, 
375-376 
classes of, 371 
of bacteria in, 376, 377 
common, 371 
composition of, 368 
disease and, 378-386 
factors influencing number of bac¬ 
teria in, 372, 373 
as food, 368, 369, 370 
growth of bacteria in, 374, 375 
influence of, on intestinal microflora, 
371 

pasteurization of, 385, 386 
pathogenic bacteria in, 377, 378 
peptonizing bacteria in, 377 
quantity consumed, 368 
sources of infection in, 378, 379 
tubercle bacilli in, 382 
tuberculosis due to, 381 
Milk-borne disease, character of, 379. 

380 

extent of, 380, 381 

Mineralization of soil constituents, 
171-180 

Moisture in bacteria, 58, 65 
function of, in organism, 66 
influence oi manure on soil, 151 
requirements of nitrifiers, 226-230 
Molcte, acid produced by, 87 
as denitrifiers, 241 
difference of^ from bacteria, 30 
in eggs, 393 

Morphology of Azotobacter, 271 
of bacteria, 37-45 
of cellulose ferments, 331 
of Clostridium pasteurianum, 271 
of nitrifiers, 225, 226 
Motility, organs of, 42 
Mustard, as green manure, 157 


N 

Niteate accumulations, relationship 
of, to Azotobacter, 284 
influence on loss from soil, 247 
losses of, from soil, 236, 237 
prevention of, 238 

quantities formed in soil, 153, 158, 
235, 236 

used, by legumes, 323, 324 
Nitrification, 28, 34, 208, 238 
of calcium cyanamid, 221 
chemistry of process, 223, 224 
discovery of organisms concerned, 
209, 210 

early knowledge of, 208 
theories of, 208, 209 
energy transformations in, 223 
influence of aeration, 230, 231 
of antiseptics on, 134 
of arsenic on, 119 


434 


SUBJECT INDEX 
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of lii^hi on, 2:10 
of liiruj on. Ml 
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of manure! on, 15:1, 151, 155 
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of organic matter on, 211, 222 
of poiaHKium Haltn on, 11 1, M.5 
of naiction on, 218, 211) 
of Honaon oip 2.24 
of Modiuin KaitH on, M l, 115 
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im, 228. 221) 

imlation <4 organinniH coiicrrncil, 
2U-2I5 
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‘ 217, 21H 

function of, in noil, 215 
influence! of df*pt h of aoil on, 2lH 
of lujat on, 222 
iHoIiition of, 211-215 
mctaboliHin of, 22:i, 221 
Nikita nitrogen in noil, 22H 
NikobacUir, 211, 2 lb 
morphology of, 22b 
HourcatH of cnf?rgy b»r, 211, 215 
Nitrogen in eropn/.'fib, .221 
cycle,!, 18:1, 181 

iixaiinn, chemic'fd theory of, 211#, 25(1 
early ihc»orieK of, 2!#b, 201 
encifgy for, .212 
infliicsnce of aiiration * 01 , .212 
of firHenic on, 120 
of ecunbined nitr«»g<ii on, 250 
of c'ldtivation on, 2 h:| 
of fcmtiliwu'H on, :H3 
of grot'll mam mm on. 1.5b- 151) 
of lieatifd Hoil on, bi t 
of nmmire on, 151 
of niomtiiro. on, 212 
of Hi'fiMon cm, 2H2 
of ternperatun! on, 271), 2H0, .2i:i 
mcfc.hiuiwrri of, ,2(Mi .212 
in Hoiis, 24, 25 

fixed, liy Azotobficior, 2b4, 2b5 
in kgiiiiM*8, .221: 
lil«.!ration of, by biicOiria, 213 
lof«f« in 225 

in nodiilim 309' 

ioil gaitii m, 287, 315, 31(1, 352 


‘‘ Nitrogi-n/’ :i IS 

Nitro^nr.if'ru;.., mnrp!M»lo|fof, 22i* 
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phatj's 175 
nwiii-i tor. 220 

ifiorphrslrafv of. 2M, 225. 22*» 
Hourcf”4 of ni(roc*ai b*r, 221 
Noclule, leli 2! I 
Imeferial gnoult of, 5,01, 205 
eon I pc oil ion M. 20!) 

Mieli'in, aelion of bae-feria on, 17-1 
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o'lnn'M lacfiH, action «»f, *m L’piic aMrl. 

87 

infhienei' of pn^^^Mire r»ii, 107 
in milk, .'ITi! 

(ilt'oinargaiine, tiiM‘rr,1e |.<arji!i in, 2 h 0 
Orgstnir efunpoumifn aefi*ifi of, on 
As^oiobarii-r, *250, 2r«0 
on denii riheatifui, ”212 
in IcoOoria, 5H 

J04 energv for A/iloli!i.firr, 202, 
leicf-rfuo 150 
of 8od, 102 

manurr's -.^iM-ed of dri’oni|piMitiorn 

100 

OHUiotie pr*‘4>Hur*% #»7 

on bar term, lOl* 
inthieiiee oh m f-s*.5b MO 
Oxidation, of arid'-, 87 
incom|deii% 82 
Oxidizing enzyme.^. 70, 8l 
Oxygen, inihienee of, f*n bnrferia, |05 
rerpiirelliMl!’^^ of lairlerift. bO 
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I deidfribeiiiion in, 2-11 
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Pigment, production of, by actino- 
mycetes, 169, 170 
by Azotobacter, 94, 270, 271 
Pigments, classes of, 93 
production of, 93 
Plants, classes of, 30, 31 
elements in, 181 
poisonous, 395, 396 
Plasmolysis, 67 
PleomorpMsm, 38 
Pneumococcus, 37 
Poison, metallic, 396, 397 
Poisoning, 395-403 
classes of, 395 
food causing, 398 
from diseased meat, 397, 398 
from ensilage, 414 
prevention of, 402,403 
ptomain, 400 
symptoms, 397, 398 
Poisonous foods, 395, 396 
Polar bodies, 43 

Potassium carbonate, influence of, on 
nitrification, 218, 219 
liberation of, by bacteria, 180 
requirements of Azotobacter, 257 
of bacteria, 69 

salts, influence of, on bacteria, 144, 
145 

in Utah soils, 320 
Preservative, definition of, 110 
Pressure on bacteria, 106, 107 
for preserving food, 107 
preservation of food by, 406, 407 
Proteases, 80 

Protein, action of bacteria on, 88 
hydrolysis, 204, 205 
liquefaction in sewage, 362 
as source of carbon, 68 
Protista, 29 

Protozoa, action of antiseptic on, 131 
of arsenic on, 121 
of heat on, 131 
Protozoan theory, 135 
Pseudomonas fluorescens, 168 
ammonia-producing, 196 
morphology of, 168 
physiology of, 168 
in sods, 165 

nebulosa in sewage, 361 
ochracea in sewage, 361 
radicicola, 292 
bacteroids of, 303, 304 
commercial cultures of, 318 
cultural characteristics of, 297-299 
entrance into host, 304 
influence of acids on, 297 
of aeration on, 312 
of drying on, 299 
of fertilizers, 313, 314 
of moisture on, 312^ 
of phosphorus in soil, 178 


Pseudomonas radicicola, influence of 
temperature on, 299, 313 
■ metabolism of, 306-308 
morpholopr of, 299-303 
relationship to host, 305, 306 
sources of energy for, 312 
species, 292-299 
staining of, 303 
turcosa in sewage, 361 
Psychrophelic bacteria, 96, 97 
Pteridophytes, 30 
Ptomain poisoning, 400 
Ptomains, 90, 91, 189 
Putrefaction, 188-193 
definition of, 188 
organisms concerned with, 190 
products of, 190, 191 

E 

Rabies, 26 
Radiobacter, 251 

Radium rays, action of, on bacteria, 103 
Rain, influences of, on sod nitrates, 236 
Rays, ultraviolet, as catalyzers, 225 
Reducing enzymes, 79, 81 
Reductase, 81 
Retting of flax, 414 
Rhizobium beijehnckii, 297 
radicicola, 297 

Rontgen rays, influence of, on bac¬ 
teria, 103 

Rotation and soil fertihty, 325 
Rothamsted, 321, 322 

S 

Salt, influence of, on bacteria, 67 . 
Salts, influence of, on bacteria, 139, 147 
on bacterial activities of soil, 139- 
149 

toxicity of, 145, 146, 149 
Sarcina alba in sewage, 361 
aurantiaca, pigments of, 93 
lutea, pigment of, 93 
production of ammonia by, 196 
in water, 346 
Sauerkraut, 412 
Schizases, 79 
Schutz-Borissow law, 78 
Season, influence of, on Azotobacter, 
281, 282 

Sewage, bacteria in, 361, 362 
composition of, 360 
disposal of, 366, 367 
hydrolyzing bacteria in, 362, 363 
oxidizing bacteria in, 363 
pathogenic bacteria in, 364, 365, 366 
reducing* bacteria in, 363, 364 
Shaking, influence of, on bacteria, 107 
Sheath, 43 
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Spa|i;(5, UaiHKjraiure of, 94 
Silkworm cliwiaHO, 2'A 
Skatol, forirmtioin of, by hm^i.oria, S9 
Smallpox, 24 ^ 

Sodium BaltH, infhusnco of, on hacU^ria, 
145 

Soil acdiuomycotcH, 159 
arncmic in, 118 

baotoria, action of, on probdim, H8 
aH forrnorH, 82, 88, 171, 172 
mimlHsr of, 151, 152, 158, 151 
^ in wabir, 845, 847 
biological clmngcH produceal in, by 
bacteria, 155 
definition of, 171 
flora, 150^ 175 

gain in mirog<m, 248, 287, 289, 815, 
815 

influonctj of anilstipticH on, 127 
of carbon bisulphiil on, 128, 129, 
181 

of froe/ing on, KM), 151 
of gnum manure on, 155 159 
of heat on, 127, 181, 182 
of manures on, 155 
inoculation, 284 287 
inetbodH of, 815 817 
k)HB of nitrato fnun, 285, 288 
organic; (JonHlitucmtH of, 198 
phosphorus, lilHtraiion of, 178 175 
jdant food in Utah, 825 
imtwsiuin, lilnsration of, I HO 
pHychrophilic bacjiciria in, 95, 97 
tcuniKsrature, 151, 154, 280, 818 
Spirillum cholenii asiatic* 4 if, 97, 98 
desulphuricans, 178 
Hpirophyllum farrigirifnim, 180 
Bimntarioouii generation, 18, 19 
Spores, 44, 45 
gennination, 45 
rcjsistanee, 44 
Btaphylococjd in eggs, 898 
Staphyloeoceus aureuis, pipnent <-)f, 98 
survive pantcmrimtlori, 892 
pyogenw albus in piitrefaction, 190 
Streptococcus coligracilk in aewage, 
851 

enteritis in sewage. 851 
lactieui, al»eriee of kaiala^e in, SI 
acid produetid by, 85 
in sauerkraut, 412 
pyogen« in putrefwfcion, 195 
Substrata, 75 

Sugar and salt, m pK»ervativeH, 407 
Sulpliata, action of bacteria cm, 98 
reduction of, by enr^yiiu*^ HI 
Sulphur, action of !>«;tona on, 175, 
178 

bacteria, 179 
cycle, 

dioritt as a diiinfactaiit, 110 
requlremant of Azofobaeter, 259 
of bacteria, 69 


Sulphurii' acid, ratulvti«‘ proihiriiMU <»f. 

75 

Symbiosis, 85r» 
among Azi»l(d»ar'trr, 27<i 


! ^ 

;TaNNiN(i, 414, 415 

i 1 enuK*rature, and eniigulatiou ^4' bm*- 
t.eria! pro!opliu-tu, 95 

fatal, 98 

influence, of, I»n bacf.eria, ft5, |IHI, 151 
ori enzymeM, 79 
j on denitribcalitm, 245 

I on legume bacteria, 818 

' on nmntir*; in soil, 151, 154 

on nitrification, 280 
‘ on nitrogen lixeil, 27!h 2 h5 

tin reactions, ‘J5 
on soil, 154 
on^ water bacteria, 844 
relationHhipH of lutrieriii, 97 
'rhallophytoM, 85, 81 
Thermal rleiith point, 99 
81if*rniopbilie baeferia, 95, 97 
orgaiumim m iiiirt»gen tixerM, 279, 
2H5 

'riuothrix, 179 

Toluene, action of, on noil, I8«» 
8oxicy;oin|w»uridK in liiMlage, 414 
'roxidty of salt for luirteria, I4!t 

IbxinH, 91 

bacterial, in noil, 18H, 28t» 
femnaiion of, in hoiI, 285 
irifltimici; of heat, on, 182 
'rryptonhan, action of iiaeteriii. on, 89 
TulajrfUim, root, early filiiiiir%8iticma on, 
291, 292 

'.rtilairculin tot.., 888, 8H4, 8B5 
TulmrctikmiK lynong ratilf^ 8HI, 882 
dm; to iiiilk, 880, 881 
I’ypkoid Imeilli, ri\H»tartee of, to Iftt^iie 

acid, 8H7 
carriers, 899 

cauai; ol, how^ detentHtied, :i55-:i5!i 
€hariw;tor of tmf,.brf*ftk of, 85.5 
due to nil Ik, 879, 88(1 
to water, 851, 852, 854 
para, otiilirmkp, 897, JliH 


UttEA, action of liaetoria on, tl 
Urewe, 80 

Uric ardd, |irodiicli4 froin, il 

llri«iw, 92 

¥ 

Vaccine, for anthrax, 25 
Vaccinw, 415 
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Vinegar, bacteriology of, 411, 412 
oxidase, 81 
Vital movement, 41 
Vitamin requirement of bacteria, 70 
Vitamins in milk, 370 


W 


Water, catalytic action of, 66 
chemical purification of, 349 
cholera due to, 352, 353 , 
classes of bacteria in, 345, 346 
classification of, 340, 341 
disease and, 351-359 
diseases transmitted by, 352 
drainage, nitrogen in, 237 
dysentery due to, 353 
ground, 341 
importance of, 340 
influence of, on ammonification, 200, 
.201 

on Azotobacter, 276, 277 
on denitrification, 244 
of food on number of bacteria in, 
344, 345 

of light on number of bacteria in, 
343, 344 

on nitrification, 226-230 
on nitrogen fixation, 276-278 
on Ps. radicicola, 312, 313 
of sedimentation on bacteria in, 
343 


Water, influence of temperature on 
number of bacteria in, 344 
intestinal bacteria in, 347 
natural purification of, 347, 348 
• purification of, by alum, 349 
by chlorazine, 349 
by potassium permanganate, 349 
soil-bacteria in, 346, 347 
solvent, 66 
stored, 341 
surface, 341 

typhoid due to, 354^ 355 
Water-holding capacity of soil, re¬ 
lationship of, to ammonification, 
201 

Y 

Yeast, action of, on phosphates, 175 
as denitrifier, 240 
difference of, from bacteria, 30 
nitrogen fixed by, 252 
production of ammonia by, 194 
Yellow fever, 26 

Z 

Zinc, action of, on bacteria, 123, 124 
Zoogloea, 43 

Z 3 unase, phosphorus requirements of, 
83 

Zymases, 80 
Zymo-excitor, 76 
Zymogen, 76 



